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O god, t h a t  men 
th e ir  m ouths
1
should p u t  an enemy in  ^^  
t o  steal away th e ir  brains
Cassio in ‘O thello' (1603), by W illiam  Shakespeare
CHAPTER 1
General introduction
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ALCOHOL USE, THE SCOPE OF THE PROBLEM
Alcohol is the m ost popular drug among adolescents in W estern countries (NIAAA,
2005). In the Netherlands, it is legal to sell light-a lcoholic beverages (e.g., beer and w ine) 
to persons 16 years and older. Strong liquor beverages may be consum ed as o f 18 years 
old, although younger adolescents generally do not experience much trouble purchasing 
the ir desired drinks (B ie lem ans et al., 2002; G osselt et al., 2007). O ver 40%  o f Dutch 12- 
year olds and 85%  o f 16-year olds report lifetime alcohol use (Van Dorsselaer et al., 2010). 
Am ong those who use alcohol, binge drinking (i.e. consum ing 5 or more drinks in a row) 
is common, w ith 77%  o f 16-year-olds reporting binge drinking episodes in the past month. 
An even more extrem e developm ent among adolescents in the Netherlands is called 
'com a drinking'; consum ing large quantities of alcohol to get (very) drunk or until one 
loses conscientiousness. The effects o f these excesses can be observed in the increasing 
num ber o f youngsters adm itted to hospitals because o f alcohol poisoning; registered 
cases rose with a factor 6 among 10- to 14-year-olds from  2000 to 2005 (Valkenberg et 
al., 2007). There are six stages o f alcohol use tha t are generally d istinguished (Knight 
et al., 2007). European adolescents typ ica lly shift from  the first stage, abstinence, to the 
second stage, experim enting w ith alcohol, around the age o f 13 (Hibell et al., 2004). Via 
the subsequent stage o f regular (non-problem atic) alcohol use individuals may progress to 
problem atic alcohol use, characterized by the experience o f alcohol-re lated problems, such 
as difficulties at school or work, or argum ents with peers or fam ily about the individual's 
alcohol consum ption (Knight et al., 2007). A lcohol abuse and alcohol dependence form 
the last and most detrim ental stages (see Appendix 1 for the DSM -IV classifications of 
alcohol abuse and dependence).
As many social ga therings are com m only accom panied by the consum ption of alcohol, 
it seems fa ir to state tha t alcohol consum ption is socially acceptable behavior in most 
W estern societies. M oderate alcohol use can have positive effects and has also been 
described as a m eans o f 'socia l lubrication' (Payne, 2010, personal com m unication). 
Light to m oderate alcohol consum ption can tem porarily  reduce (social) anxiety and 
stress, enhance relaxation, and facilita te interpersonal com m unication (M acDonald et al., 
2000; Sayette, 1999). The m ajority o f the population can handle alcohol rather well, but 
a subgroup progresses relatively easy into heavy drinking or even alcohol dependence, 
tha t may already start in adolescence (Duncan et al., 1997; Enoch, 2006; Sheehan et 
al., 1988). The non-exhaustive, long list o f possib ly detrim ental consequences o f heavy 
drinking and alcohol abuse contains blackouts, academ ic fa ilure and loss o f jobs, 
(physical) violence, depression and anxiety disorders, suicide attempts, and an increased 
risk for various form s o f cancer (Gm el et al., 2003; H ingson et al., 2002; Perkins, 2002). In 
addition, alcohol use during adolescence may have harmful effects on brain developm ent 
and cognitive functioning (Brown et al., 2000; M cQ ueeny et al., 2009; Tapert et al., 2003,
2004). Besides the personal detrim ental effects, the total social costs o f alcohol abuse 
have been estim ated at 2.6 billion dollars per year in the Netherlands alone (WHO, 2004). 
In addition, w orldw ide alcohol use caused 1.8 m illion deaths, making alcohol the third 
largest risk factor fo r death and disability fo r adults and the largest risk factor fo r young 
people in developed countries (W HO, 2004). It is thus essentia l to understand w hat causes 
adolescents to in itiate drinking and w hy a small group proceeds to drink heavily.
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From  a macro perspective, several socio-cultural factors have been shown to affect 
alcohol use. H igher prices o f a lcoholic beverages induced by tax  increases, for example, 
lead to im m ediate declines in alcohol consum ption (see Hawkins et al., 1992; Room et al., 
2005 for overviews). Also, easy access to alcohol, fo r exam ple through a high availability 
o f liquor stores in the neighborhood, influences consum ption; when alcohol is more 
available, consum ption levels tend to rise (Baum an & Phongsavan, 1999; Hawkins et al., 
1992). In addition, neighborhood disorganization (e.g., high population density, high crime 
rates, physical deterioration o f the neighborhood) and a low socio-econom ic status o f the 
fam ily have been associated w ith increased levels o f drug and alcohol use (Hawkins et al., 
1992). Lastly, the introduction o f alcopops (i.e., flavored alcoholic beverages, often liquor 
mixed w ith soda or fru it ju ice ) may have increased the popularity o f a lcohol among youths, 
especially girls (Ter Bogt et al., 2002). A lthough these macro socio-cu ltural factors should 
be held in mind in every study on alcohol consum ption, the current thesis is w ritten from  a 
m icro perspective and focuses on the roles o f individual factors and the social environm ent 
on (adolescent) alcohol use. W hat follows in this general introduction is first, a short 
historical overview  of alcohol use and the varying scientific perspectives it has encountered. 
Second, a brief introduction o f the individual, genetic, and social environm enta l risk factors 
o f alcohol (ab)use tha t are exam ined in a m ultid iscip linary approach in the present thesis 
w ill be given. This overview  is m eant to be more illustrative than exhaustive and the reader 
is referred to the cited literature and the follow ing chapters o f th is thesis fo r more in-depth 
inform ation and literature discussions.
HISTORY OF ALCOHOL IN SCIENCE: A CONDENSED OVERVIEW
Alcohol has been a fam iliar part o f human society fo r quite som e time. The d iscovery of 
beer jugs from  the late Stone Age (circa 10,000 B.C.) and the depiction o f w ine in Egyptian 
pictographs (circa 4,000 B.C.) confirm  that ferm ented beverages were already consumed 
in ancient history (Hanson, 1995). A lcohol may have been used as a staple food and had 
many other medical, religious, ritual, nutritional, and social utilities (see Hanson, 1995 
for an overview). In the past century, scientific attention to alcohol use and its problems 
has increased extensively. G enetic determ inism  and eugenics (i.e. im proving humans 
and the ir genetic m ake-up by m eans o f selective reproduction) were popular perspectives 
among psychologists and psychiatrists to explain (drinking) behavior in the first part 
o f the 20th century. M id-century opinions switched to behaviorism  (Caspi et al., 2010); 
the idea tha t a child is born as a blank slate (tabula rasa) and that social environm ents 
determ ine a child's behavior and personality. Currently, one o f the leading theories is the 
disease model, describ ing addiction as a neuropsychiatric d isorder with accom panying 
physio logical changes in the brain and nervous system  (Leshner, 1997; Volkow & Fowler, 
2000). D isease model theorists are opposed by those who consider addiction a choice 
(Heyman, 2009). They state tha t since persons w ith an addiction can and do return to 
enduring abstinence, the ir decisions to use alcohol, or to quit are executed vo luntarily  (see 
Lewis, 2011 for an elaborate commentary).
The relatively stringent distinction between the (neuro)bio log ica l field on the one hand 
and the social theories on the other im plies tha t genetic and environm ental in fluences were 
trad itionally studied in isolation (D ick et al., 2011), which has probably resulted in flawed
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conclusions. The exclusion o f environm ental factors may have lead genetic scholars to 
erroneously report tha t there was no association between genotype and alcohol use, 
w h ile a genetic d iathesis towards alcohol or addictive behavior may be only expressed 
when certain environm enta l factors are present (or absent) (Caspi et al., 2010; Heath 
& Nelson, 2002; Rutter, 2002). This line o f reasoning also works the other w ay around; 
social researchers m ight arrive at incorrect conclusions regarding relationships between 
environm ental factors and alcohol outcomes, when leaving genetic risk factors out of their 
analyses. A  relatively recent scientific developm ent is the acknow ledgem ent tha t the way 
in which the genom e interacts w ith and relates to the environm ent is critical to understand 
behavioral outcom es (Rutter, 2002). Shanahan and Hofer (2005) propose tha t contextual 
factors may trigger or com pensate a genetic predisposition. Environm ental factors may 
also prevent behaviors caused by a genetic predisposition or activate a positive genetic 
predisposition resulting in enhanced adaptation o f behavior. A lthough many behavioral 
scientists currently recognize tha t exam ining gene-environm ent interactions is crucial for 
understanding human (drinking) behavior, em pirical studies are still in short supply. One 
o f the aim s o f the present thesis was to extend the present literature w ith novel gene­
environm ent interaction studies on alcohol use (see Chapters 8-13).
INDIVIDUAL RISK FACTORS 
Personality
Tem peram ent and personality factors have often been proposed to explain inter­
individual differences in alcohol (m is)use (see Swadi, 1999 for an overview). C loninger 
(1987) was the first to distinguish different types o f a lcoholism  partly based on personality 
features. Type I alcoholics were characterized as high in harm avoidance and reward 
dependence, but low in novelty seeking, w h ile the Type II early onset alcoholics were 
low in harm avoidance and reward dependence, but high in novelty seeking (see also 
C loninger et al., 1988). In addition, traits o f five-factor m odels o f personality such as 
the Big Five (Costa & McCrae, 1992) have been related to alcohol use. Cross-sectional 
associa tions w ith alcohol consum ption have been found for extraversion (Raynor & Levine, 
2009), conscientiousness (Raynor & Levine, 2009), openness (Hubicka et al., 2010), 
agreeableness (M alouff et al., 2007) and neuroticism  (Little field et al., 2010), although 
effect sizes are generally low (see M alouff et al., 2007 fo r a m eta-analysis).
Common liab ility  model
Because there exist high levels o f com orbid ity between different externaliz ing disorders 
(e.g., between substance use disorders and engagem ent in crim inal activities; Vollebergh 
et al., 2001), having one psychiatric (externaliz ing) d isorder is a strong individual risk factor 
fo r developing another externalizing disorder. Also, the finding tha t m any externalizing 
disorders share genetic etio logical factors (Kendler et al., 2003; S lutske et al., 1998), 
has lead scholars to propose tha t a different externalizing disorders are preceded by a 
com m on liability factor (D ick et al., 2010; Iacono et al., 2008; Kendler et al., 2003; Krueger 
et al., 2002; Vanyukov et al., 2003; Young et al., 2009). The key candidate representing 
th is common liability is im pulsive behavior (in the literature often used interchangeably 
w ith behavioral undercontrol, behavioral disinhibition, and lack o f self-control), tha t has
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been frequently linked to alcohol use and dependence (C lark et al., 2002; C older & 
Chassin, 1997). This is particularly im portant fo r youths' alcohol consum ption, because 
self-regulatory behaviors are still developing during adolescence, due to the maturation of 
areas in the prefrontal cortex, such as the orbitofrontal cortex (Huttenlocher, 1990; Rubia 
et al., 2000). Consequently, an im paired self-regulatory system  may result in difficulties 
for adolescents to control the ir (drinking) behavior, making adolescence a particularly 
vulnerable period fo r alcohol (m is)use and other externalizing behaviors (W iers et al., 
2007). A lthough the assum ption o f a com m on liability model has been echoed by several 
scholars, research testing this model in a m editational design is practically nonexistent. 
In C hapter 6 o f th is thesis a m editational model o f genetic risk factors, impulsivity, and 
externaliz ing behavior w ill be examined.
In cen tive  sa lien ce  th e o ry
One o f the leading theories on alcohol use and the transition to alcohol dependence 
has been the incentive salience theory o f Berridge and Robinson (1998, 2003). The theory 
denotes tha t the subjective pleasure tha t is experienced from  alcohol (“ lik ing” ) when it is 
in itially used, becom es accom panied and partly substituted by the increasing ly com pulsive 
m otivation to obtain and use alcohol (“w anting” ) during the transition from  the early stages 
o f alcohol to problem atic alcohol use and addiction. Neurobio logical studies have shown 
that “ lik ing” processes are associated w ith opioid neurotransm ission in the vertra l pallidum, 
the shell of the nucleus accum bens, and the parabrachial nucleus in the brainstem 
(Berridge, 2003). S tim ulation o f opioid receptors due to the consum ption o f alcohol, results 
in dopam inergic firing in 'reward' areas, such as the ventra l tegm ental area, the nucleus 
accum bens (NAcc), and the striatum  (termed 'the NAcc-re lated circuitry' by Robinson & 
Berridge, 2003). As the neurons in this circuitry becom e increasing ly sensitized by high 
levels o f alcohol consum ption, the “w anting” o f alcohol rises accordingly. In line w ith this 
reasoning, “w anting” o f alcohol can then only be experienced when alcohol consumption 
levels have been high enough to sensitize these neural systems. As a consequence, 
dopam inergic effects may be more im portant in later stages o f alcohol use, while opioid 
and G ABA (Y-am inobutric-acid) neurotransm ission m ay be more associated w ith early 
stages of alcohol use. C hapter 13 w ill take a closer look at the relationship between 
several genotypes tha t are supposed to be involved in “ lik ing” or “w anting” processes, and 
adolescent alcohol use. In addition, the interaction between these presum ably reward- 
related genotypes and the above-described self-control system  w ill be explored in Chapter
13.
D rinking m otives
Another theory focusing on individual risk factors for alcohol (m is)use is the 
'm otivational model o f alcohol use' of Cox and C linger (1988). This model is based on the 
assum ptions tha t people drink to achieve certain outcom es and that the decision to drink is 
based on these drinking motivations. Cooper (1994) found drinking m otives to be the final 
antecedents to alcohol use. The four types o f drinking m otives (i.e. enhancement, social, 
conformity, and coping motives) d istinguished by the model have all been associated 
w ith alcohol outcom es (see Kuntsche et al., 2005 fo r an overview). Coping drinking (i.e. 
drinking to forget or alleviate problem s) in particular, has been related to more problem atic
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alcohol use, such as heavy drinking and alcohol-re lated problem s (Kuntsche et al., 2005, 
2007). Social learning theories suggest tha t adolescents model the drinking m otives they 
encounter in the ir social environm ent. O thers have proposed that cognitive schemata, 
such as alcohol m otives and expectancies, constitute (part of) the m echanism  through 
which genetic factors result in alcohol (m is)use (Prescott et al., 2004). A lthough there is 
evidence for the heritability of drinking m otives (Agrawal et al., 2008; Prescott et al., 2004), 
studies have not (yet) explored relationships between specific genetic factors, drinking 
motives, and actual alcohol use (please see C hapter 12).
SOCIAL ENVIRONMENTAL RISK FACTORS
According to the social learning theory, drinking alcohol is learned through the 
observation and im itation o f social role models, such as parents, siblings, or peers 
(Bandura, 1977; G raham  et al., 1991). W ith respect to the latter, Petraitis and colleagues 
(1995) have argued that the process o f acquiring beliefs about alcohol and taking up 
drinking starts in small, informal groups o f peers and friends (Petraitis et al., 1995). There 
is abundant evidence tha t adolescents who have (heavy) drinking friends start drinking 
at an earlie r age and also consum e more alcohol (Engels et al. 1999a; Jaccard et al., 
2005; Petraitis et al. 1995; Poelen et al., 2007; Urberg et al., 1997). Nonetheless, effect 
sizes are often small, particularly in early adolescence when adolescents are jus t starting 
to drink alcohol (Larsen et al., 2010b). In th is in itiation stage o f alcohol consum ption, it 
has been argued that parents exert a greater influence on the ir offspring's behavior than 
friends (Steinberg & Silverberg, 1986). Indeed, it is well established tha t the fam ily context 
affects adolescents' drinking behavior in several w ays (Hawkins et al., 1992). Children of 
alcoholics in itiate drinking at an earlie r age and report h igher levels o f alcohol use and 
dependence than adolescents w ithout a lcoholic parents (Chassin et al., 1996; Sher et al., 
1991). O thers have proposed tha t parental substance abuse may im pair parenting skills 
and subsequently affect adolescent alcohol use (e.g., Van Zundert et al., 2006). Children 
o f alcoholics receive lower levels o f discipline, support and m onitoring than children of 
non-alcoholic parents (Chassin & Barrera, 1993; King & Chassin, 2004; Rutherford et 
al., 1997). In turn, several parenting factors, such as lack o f m onitoring and adequate 
supervision, have been associated w ith adolescent alcohol use (Barnes et al., 1994; Kerr 
& Stattin, 2000). A  special role in th is m atter can be assigned to a lcohol-specific  parenting; 
actions tha t parents specifica lly undertake to discourage or prevent the ir offspring from 
drinking (Jackson et al., 1999). During the last decade, strict a lcohol-specific rules have 
been consistently shown to postpone the initiation o f drinking and to result in lower levels 
o f adolescent alcohol consum ption (Jackson et al., 1999; Koning et al., 2010; Van der Vorst 
et al., 2005, 2007; Van Zundert et al., 2006; Yu, 2003). In the fam ily context, the influence 
o f (older) siblings on adolescents' drinking should not be overlooked. Cross-sectional 
studies have shown sim ilarities in drinking between siblings, and also prospectively there 
seem s to be a small effect o f o lder siblings' alcohol consum ption on younger siblings' 
drinking behavior (Epstein et al., 1999; Van der Vorst et al., 2007).
An im portant social role model in adolescence tha t has received rem arkably little 
attention in the literature is the rom antic partner (Z im m er-G em beck, 2002). As adolescents 
in a rom antic relationship spend more tim e with the ir partner than w ith the ir parents or
IN
TR
OD
UC
TI
ON
friends (Laurens & W illiam s, 1997), couples may take up drinking together or influence 
each other in the ir drinking behavior. Research on married adults shows that spouses 
resem ble each other in drinking behavior (Low et al., 2007; Reynolds et al., 2006). 
S im ilarities in drinking behavior may stem  from  reciprocal spousal interaction effects or 
from  the selection o f a mate w ith sim ilar drinking habits (Vanyukov et al., 1996). As one of 
the first studies on th is topic, associa tions between adolescents' alcohol use and romantic 
partners' drinking behavior are exam ined in Chapter 3 o f th is thesis.
GENETIC RISK FACTORS OF ALCOHOL (AB)USE
The idea that alcohol use disorders m ight be heritable was in itially confirm ed by the 
observation tha t alcohol dependence runs in fam ilies (Sher et al., 1991). Additional twin 
and adoption studies have shown tha t 40 to 60%  o f the differences in alcohol use and 
dependence between individuals can be accounted for by genetic factors (Goldm an et al., 
2005; McGue, 1999; Prescott & Kendler, 1999). Because twin and adoption studies do not 
provide inform ation on the specific m olecular genetic basis o f alcohol use and dependence, 
different approaches have been applied to exam ine which genes are involved in alcohol use. 
Genom e w ide associations studies (GW As) exam ine SNPs in the entire human genome 
w ithout a priori hypotheses (Z ieg ler et al., 2008; see for exam ples B ierut et al., 2010 or 
Edenberg et al., 2010; see A ppendix 2 for de finitions o f genetic concepts). In candidate 
gene association studies, on the other hand, a particular variation in a gene is analyzed 
because o f its biological p lausibility o f being involved in the m anifestation o f alcohol use 
disorders. These genetic varian ts often consist of a single nucleotide polym orphism  (SNP) 
or o f a repetition o f a short nucleotide sequence (a Variable Num ber o f Tandem Repeats; 
VNTR). An exam ple o f a candidate gene for which a negative association w ith alcohol 
dependence has been consistently found is the aldehyde dehydrogenase genes (ALDH2). 
A lcohol is m etabolized in the liver by two enzymes; alcohol dehydrogenase and aldehyde 
dehydrogenase. One third to one half o f the East Asian population has a genetic variant 
o f the ALD H2 gene tha t results in im pairm ents in the m etabolism  o f alcohol (Agarwal 
& Goedde, 1989) and subsequently in the (unpleasant) Asian flushing response after 
alcohol consum ption. As such, individuals carrying th is ALD H2 varian t are less likely to 
become alcohol dependent than those w ithou t this genetic polym orphism , because o f the 
unpleasant effects they experience from  drinking alcohol.
O ther candidate gene studies have frequently focused on the dopam inergic system. 
As alcohol has been shown to stim ulate dopam inergic activ ity in the brain (P ierce & 
Kumaresan, 2005), genes tha t are involved in the dopam ine system  may m odify an 
individual's response to alcohol, and thus are considered candidate genes. A  VNTR 
polym orphism  in the dopam ine D4 receptor gene (DRD4), for example, has been 
associated w ith increased sensitiv ity to dopam inergic rewards, such as the ones caused by 
alcohol (O ak et al., 2000). A nother well-known exam ple of a candidate gene is the Taq1A 
polym orphism  in the dopam ine D2 receptor gene1 (DRD2; e.g., Blum et al., 1993), fo r which 
an association w ith alcohol (ab)use has been shown in several m eta-analyses (M unafo et 
al., 2007; Noble et al., 2003). In addition, the dopam ine transporter gene (SLC6A3/DAT1) 
has received som e attention in the literature on alcohol use and dependence, although 
consensus on its possib ly causative role has not yet been reached. A lso genes implicated
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in other m onoam inergic systems, such as the serotonin transporter gene (SLC6A4) that 
regulates serotonin availability in the brain (Feinn et al., 2005), have been considered 
candidate genes. In addition, because o f its involvem ent in the m esolim bic reward system 
several attem pts have been made to link the opioid system, and in particular the mu-opioid 
receptor (O PRM 1) gene, to alcohol use and dependence, w ith variab le results (e.g., Bart 
et al., 2005; Luo et al., 2003).
Perhaps it was the prospect o f finding THE 'alcohol gene' tha t boosted scholars into 
doing gene-association research, which has currently resulted in a proliferation o f studies in 
which it is attem pted to link candidate genes to alcohol use or dependence. Unfortunately, 
however, the studies on nearly every candidate gene do not match up w ith each other 
and show inconsistent results. It is the rule, rather than the exception, tha t both numerous 
positive reports of associations w ith alcohol outcomes, as well as several negative ones can 
be found in the literature, making it extrem ely difficu lt to arrive at one satisfying conclusion 
(see fo r exam ple M unafo et al., 2007 for an overview  o f studies on the DRD2 Taq1A 
polym orphism ). An additional problem  is tha t studies are often heterogeneous in term  of 
genotyped SNPs, m easured phenotypes, partic ipant inclusion and exclusion criteria, and 
samples. As such, the field would benefit from  system atic reviews and m eta-analyses 
to achieve data synthesis across studies (Uher, 2008a). C hapter 4 and 5 synthesize the 
literature on two candidate genes (OPRM1 and DAT1) in relation to alcohol outcomes. 
A lthough OPRM1 and DAT1 have shown to be potentia lly relevant for alcohol phenotypes, 
system atic overviews o f the literature were missing. The aim was therefore, not only to 
provide a thorough review of the separate studies regarding these genotypes and alcohol 
dependence, but also to take a closer look at the evidence for the suspected biological 
m echanism  and to explore possible pitfa lls o f the studies.
G en e-en viro n m en t in te rac tio n s
The above-m entioned studies on risk factors for drinking behavior form  only a very 
small fraction o f the literature on alcohol outcomes. Nevertheless, they clearly show  that 
many o f the reports published to date suffer from  a rather narrow  perspective on defining 
risk, by separate ly exam ining individual, social or genetic risk factors. As mentioned before, 
hum ans are not born as a blank slate, but we also do not live in a vacuum ; our biological 
m ake-up influences and interacts w ith our environm ents from  the m om ent we are born 
(Jaffee & Price, 2007). If w e seek to understand com plex human behavior such as alcohol 
(m is)use, studies are needed in which the focus lies on both genetic and environm ental 
potential risk factors (Rutter, 2002).
In tw in studies it has been shown that genetic effects m ay be dependent on 
environm ental in fluences (e.g., Heath et al., 1999, 2002; Heath & Nelson, 2002; Koopm ans 
et al., 1999). Rose and colleagues (2001) fo r example, found that genetic effects on alcohol 
use were larger if participants lived in rural areas. A lso studies on non-hum an primates 
are beginning to show gene-environm ent interactions on drinking behavior. Macaques, for 
example, w ith a risk varian t o f the rh5-HTTLPR polym orphism  (that is orthologous to the 
serotonin transporter po lym orphism  in hum ans) consum ed more alcohol when they were 
raised in a stressful living environm ent (Barr et al., 2004b). Generally, new and exciting 
insights are the result from  testing gene-environm ent interactions in tw ins or non-human 
primates. However, tw in designs do not provide inform ation on the specific genes involved,
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and animal research is often difficu lt to translate to humans. W hat is additionally needed 
to increase our understanding of the etio logical pathway leading to alcohol misuse, are 
em pirical studies tha t exam ine interactions between specific genotypes and reliably 
measured environm ental factors. A  handful of pioneers has undertaken th is adventure 
and found interactions on alcohol (ab)use between the DRD2 risk allele and stress (Bau 
et al., 2000; Madrid et al., 2002), between a polym orphism  in the prom oter region of the 
m onoam ine-oxidase A  gene (M AO A) and m altreatm ent (Ducci et al., 2009; Nilsson et al., 
2007, 2008), or between the GABRA2 gene and marital status (D ick et al., 2007a). Most 
o f these studies focused on heavy drinking patterns in adults. Research looking at gene­
environm ent interactions on alcohol use in adolescence is in even shorter supply. Given the 
im portant role o f parents and friends during adolescence, one m ight expect to find studies 
exam ining interactions o f genes w ith parenting practices, or w ith friends' drinking, but to 
date, these are still scarce. In addition, there is evidence that the m agnitude o f genetic 
effects differs w ith age and stage o f drinking, em phasizing the need for developm ental 
(longitudina l) designs in gene-association and gene-environm ent studies on alcohol use 
(Kendler et al., 2008, 2010; Pagan et al., 2006). However, candidate gene studies in which 
a developm ental approach is applied are rare.
Several scholars have been highly critical o f studying gene-environm ent interaction 
effects, warning o f fa lse-positive find ings caused by small sam ple sizes and selective 
sam ples (Eaves, 2006; Flint & Munafo, 2008). Ideally, gene-environm ent interaction 
studies ought to be theory-driven, have suffic ient power, and should be replicated in 
different, large (com m unity) samples. However, it is a fact tha t em pirical gene-environm ent 
studies are still relatively scarce. There m ight be even more literature on how gene­
environm ent studies should be carried out, than on actual, em pirical gene-environm ent 
studies. Caspi and colleagues (2010) argue that large sam ples are not always necessary 
to find robust gene-environm ent interaction effects. Statistically, theory-driven studies 
w ith equal subsam ples on environm ental exposure per genotype may be better powered 
to exam ine gene-environm ent effects (see fo r more com m ents on gene-environm ent 
interaction effects for exam ple Caspi et al., 2010 or Rutter et al., 2009). In Chapters 8, 9, 
and 10 o f this thesis gene-environm ent interactions on drinking during adolescence w ill be 
exam ined. Chapter 11 consists o f a review  o f the existing gene-environm ent interaction 
literature w ith regard to alcohol consum ption.
AIMS AND SET-UP OF THIS THESIS
The overall aim o f the current thesis was to contribute significantly to the existing 
literature by exam ining several risk factors fo r young people's alcohol use and misuse: 
How do these risk factors individually influence drinking behavior, and do they interact 
w ith each other in the ir effects on alcohol consum ption? Therefore, th is thesis is divided 
into four parts. In the first part, the reader w ill encounter two studies tha t solely address 
environm ental in fluences on adolescents' alcohol use. In these studies, the roles of 
parents and the rom antic partner in adolescents' drinking w ill be examined. In the second 
part, genetic main effects on alcohol use and dependence w ill be discussed. This part 
com prises two reviews on gene-association studies (on the OPRM1 and DAT1 candidate 
genes) and two em pirical studies. The first o f those em pirical studies exam ines associations
between several SNPs in dopam ine genes, impulsivity, and externaliz ing behavior during 
adolescence, while the other will focus on the effect of the serotonin transporter gene 
on the developm ent o f alcohol use. The third part w ill m ainly deal w ith em pirical gene­
environm ent interaction studies. An overview  o f the currently available gene-environm ent 
literature on alcohol use is provided in C hapter 11. The fourth and last part o f th is thesis 
w ill focus on interactions between genes and individual characteristics, w ith a focus on 
cognitive risk factors.
D atase ts
Several datasets of different projects were em ployed in th is thesis (see Table 1 for 
an overview). The Family and Health study was utilized m ost extensively, in six studies 
in this thesis. The Fam ily and Health project was set up in 2002 to exam ine different 
socialization processes underlying various health behaviors in adolescence (Van der Vorst 
et al., 2005). A  tota l o f 428 fam ilies (both parents and two adolescents) participated in 
the first wave o f the study. The fu ll-fam ily design o f the project ensured the possib ility to 
use fam ily m em bers as w ith in-fam ily controls. The longitudinal project contained 6 annual 
assessm ents o f detailed m easured environm ental factors, such as parenting practices 
and best friend's behavior, and extensive m easures of several health behaviors, among 
which alcohol use (see Chapters 2, 3, 7, 8, 10, 12).
In the Im pulsivity project, data o f 120 Dutch adolescents were collected at two time 
points in 2010. The main focus o f th is longitudinal project was to exam ine the role of 
im pulsivity in the associations between dopam inergic and opioid genetic variants and 
adolescent alcohol use. Im pulsivity was thoroughly measured w ith both com puter tasks 
and questionnaires (see Chapter 13). The Child Developm ent Project was initiated in 1987 
in three different cities in the United States, and yearly assessm ents are still ongoing. 
The main aim o f the project is to learn more about the processes involved in child and 
adolescent developm ent, w ith a focus on social and em otional growth (Dodge, Bates, & 
Pettit, 1990). Approxim ate ly 80% o f the originally included 585 children still participates 
in the project (see C hapter 6). The main aim o f the ongoing Dual Process M odels in 
Ado lescent A lcohol Use project was to assess cognitive and psychological risk factors 
in adolescent alcohol use (P ieters et al., 2010). Starting in 2008, th is project includes 
725 Dutch adolescents from  five different high schools in the Netherlands. The sample 
em ployed in Chapter 9 is a subsam ple o f the larger study. Lastly, th is thesis includes 
several reviews o f studies on different top ics (Chapters 4, 5, 11). Please see below for a 
more detailed elaboration on the content o f the studies included in th is thesis.
I. S ocia l environm en tal in flu en ces
The study presented in Chapter 2 aim ed to investigate the longitudinal associations 
between parental problem  drinking, parenting practices and adolescent alcohol use in 
a fu ll-fam ily design. To gain more insight into which parenting practices were related to 
adolescent alcohol use, effects o f both general (m onitoring and support) and alcohol- 
specific parenting (rules and m onitoring) on adolescents' alcohol use were examined. 
As adolescents' behavior m ay also affect parenting practices (instead o f solely the other 
w ay around), reciprocal associa tions between adolescent drinking and parenting behavior 
were tested additionally.
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In C hapter 3 the focus was on another im portant social factor in the lives o f many 
adolescents; the rom antic partner. It was exam ined w hether adolescents resem bled the ir 
rom antic partner in frequency o f drinking (cross-sectionally), w hether adolescents were 
influenced by the alcohol use o f the ir rom antic partners, and w hether they selected the ir 
partners based on drinking habits. Furthermore, it was tested w hether these processes 
differed between boys and girls, hereby taking into account the effects of parental and 
sibling alcohol use.
Table 1. C h a ra c te r is t ic s  o f  th e  D ata se ts  Included in th e  P resen t T hesis
Dataset/Project Design Method Data collection Sample Chapter(s)
“Family and 
Health”
Cross-sectional 
and longitudinal
questionnaires Six annual 
waves, 2002­
2008
428 Dutch families 
(parents, two ado­
lescents aged 13 
and 15 at Time 1)
2, 3, 7, 8, 
10, 12
“Impulsivity
project”
Longitudinal questionnaires, 
computer tasks
Two waves, 6 
months interval, 
2010
120 Dutch adoles­
cents aged 13 at 
Time 1
13
“Child Develop­
ment Project”
Longitudinal questionnaires, 
computer tasks
Still ongoing, 
started in 
1987/1988, 
annual waves
585 American 
children aged 5 at 
Time 1
6
“Dual process 
models in ado­
lescent alcohol 
use”
Cross-sectional questionnaires Still ongoing, 
started in 2008
217 Dutch adoles­
cents aged 13
9
“Several data­
sets”
Review -- Mostly case- 
control studies
-- 4,5,11
II. G en etic  main e f fe c ts
In Chapter 4 and Chapter 5 the focus w as on genetic influences o f two candidate genes 
■  (OPRM1 and DAT1/SLC6A3, respectively) on alcohol dependence. Both OPRM1 and
DAT1 have shown to be potentia lly relevant candidate genes for alcohol phenotypes, but 
system atic overviews o f the literature were m issing. As studies on associations between 
candidate genes and alcohol (m is)use are not necessarily consistent in the ir findings, it 
is often difficu lt to obtain an adequate overview  o f the literature and to com e to a general 
conclusion on the effect o f th is particular gene or SNP. Therefore, we encapsulated 
the research on these candidate genes in two separate reviews. Importantly, we also 
elaborated on explanations for the disparate find ings o f the studies tha t were reviewed, 
hereby aim ing to bring food for discussion on how to proceed w ith gene-association 
studies.
M  One of the lim itations tha t characterizes many gene-association studies is the cross-
M  sectional design o f the studies. Therefore, in C hapter 6 the possib ility o f a general
im pulsivity tra it underlying externaliz ing behaviors such as alcohol use w ill be explored. 
It is exam ined w hether several SNPs in DRD2 and its ad jacent gene, ANKK1, predict 
tra jectories of externaliz ing behavior. Additionally, the m ediating role o f impulsive behavior 
was tested.
In C hapter 7, the effect o f a serotonergic candidate gene (SLC6A4) on the developm ent 
o f adolescents' alcohol use was exam ined in a longitudinal growth model. Additional
2 2 J
com parisons between the longitudinal findings and the cross-sectional results were 
carried out, to em phasize tha t developm ent o f behavior is conceptually different from  tim e- 
restricted (cross-sectional) m easurements.
III. G en e-en viron m en t in te rac tio n s
From genetic association studies w e turn to gene-environm ent interaction studies and 
alcohol phenotypes in humans. Chapter 8 is the first em pirical study on gene-environm ent 
interactions in the current thesis. For this study, evidence from  studies on environm ental and 
genetic risk factors w as converged. It was expected tha t carrying the frequently genotyped 
T a q lA  risk allele in the DRD2 gene would only result in h igher levels o f adolescent alcohol 
consum ption over tim e if parents were less restrictive towards alcohol use. To our best 
knowledge, th is was the first gene-parenting interaction study on adolescent alcohol use. 
As such, replication o f the results is essential to gain more inform ation on the robustness 
o f the findings. Therefore, a replication study o f our findings from  C hapter 8 was conducted 
on a different sam ple o f Dutch, early adolescents. This study is reported in Chapter 9. The 
aim was to exam ine the interaction between parental rule-setting and T a q lA  genotype 
on adolescents' alcohol use and to observe w hether th is resulted in a replication of our 
previous findings.
To further explore the em pirical depths o f gene-environm ent research, the main aim of 
the study presented in C hapter 10 was to exam ine another gene-environm ent interaction 
on adolescent drinking. The interaction between a frequently genotyped dopam inergic 
polym orphism  (the DRD4 VNTR) and friends' drinking was tested in a longitudinal design 
o f 5 waves.
In C hapter 11, a general overview  is given to converge the present literature on 
gene-environm ent interactions and alcohol use outcomes. To gain more insight into the 
challenges tha t accom pany gene-environm ent interaction studies, difficu lties and future 
directions were discussed extensively.
IV. In te ra c tio n s  b e tw e en  g e n e s  an d  co gn itive  r isk  fa c to r s
In Chapter 12 we sought to exam ine how genetic factors m ight interact w ith individual, 
cognitive risk factors in predicting adolescents' alcohol use. It was exam ined w hether 
two candidate genes (DRD2 and SLC6A4) interacted w ith cognitive drinking m otives in 
predicting risky drinking (binge drinking and alcohol-re lated problems).
Chapter 13 aimed at gaining more insight into w hether the level o f adolescents’ 
im pulsivity and reward sensitiv ity influenced the relationship between several dopam ine 
genes, the OPRM1 gene and adolescents' alcohol use. As research on interactions 
between genes and cognitive factors is largely absent in the literature, these studies were 
among the first to exam ine th is interplay.
Chapter 14 contains a sum m ary and a general discussion o f the main findings o f the 
current thesis per part. Im plications o f the findings are also addressed in th is chapter, 
providing input fo r future research.
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A ppendix 1. DSM-IV c r ite r ia  fo r  alcohol ab u se  and d ep en d en ce
Criteria for alcohol abuse
A. A maladaptive patterns of alcohol use leading to clinically significant impairment or distress, 
as manifested by one or more of the following, occurring within a 12-month period:
(1) Recurrent alcohol use resulting in a failure to fulfill major role obligations at work, school, 
or home;
(2) Recurrent alcohol use in situations in which it is physically hazardous;
(3) Recurrent alcohol-related legal problems;
(4) Recurrent alcohol use despite having persistent or recurrent social or interpersonal 
problems caused or exacerbated by the effects of the substance;
B. The symptoms have never met the criteria for alcohol dependence.
Criteria for alcohol dependence
A maladaptive patterns of alcohol use leading to clinically significant impairment or distress, 
as manifested by three or more of the following, occurring at any time in the same 12-month 
period:
(1) Tolerance, as defined by either of the following:
(a) A need for markedly increased amounts of alcohol to achieve intoxication or desired 
effect;
(b) Markedly diminished effect with continued use of the same amount of alcohol;
(2) Withdrawal, as manifested by either of the following:
(a) The characteristic withdrawal syndrome;
(b) Alcohol is taken to relieve or avoid withdrawal symptoms;
(3) Alcohol is often taken in larger amounts or over a longer period than was intended;
(4) There is a persistent desire or unsuccessful efforts or cut down or control alcohol abuse;
(5) A great deal of time is spent in activities necessary to obtain alcohol, or recover from its 
effects;
(6) Important social, occupational, or recreational activities are given up or reduced because 
of alcohol use;
(7) Alcohol use is continued despite knowledge of having a persistent or recurrent physical 
or psychological problem that is likely to have been caused or exacerbated by alcohol.
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Appendix 2. Thesaurus
Allele One of two (or more) forms of the DNA sequence at one particular locus
Amino acid Molecules that together make up proteins; are the result of DNA sequence
Base One of four chemicals (adenine (A), thymine (T), guanine (G), cytosine (C)) that 
together make up the DNA sequence
Chromosome Single piece of DNA that contains genes, regulatory elements and other nucleotide 
sequences; humans have 23 pairs of chromosomes
DNA Deoxyribonucleic acid; contains all the genetic information used in the development 
and functioning of a living organism
DNA Genetic code or blueprint; the order of base pairs that defines the forming of amino
sequence acids
Epigenetics Heritable changes in gene expression that are not caused by changes in the DNA 
sequence
Epistasis The interaction between genes
Gene Part of chromosome that codes for a protein; carries genetic information from 
parents to offspring; humans have between 20,000 and 25,000 genes
Genome The entire set of chromosomes; all the genetic information in a cell
GWAS Genome wide association study; investigation of all or many of the genes of 
different individuals to examine if certain genetic markers are more frequent in a 
certain phenotype
Heritability The proportion of variance in the phenotype that can be accounted for by genetic 
factors
Heterzygous With two different alleles at one locus
Homozygous With two identical alleles at one locus
Locus The specific location of a gene or DNA sequence on a chromosome
Mutation Spontaneous change in the genome
Nucleotide Building block of DNA; contains one base, a sugar molecule, and one to three 
phosphoric acid groups
Office humor Sense of humor shared by persons who spend too many hours at their office. 
Amplified by excessive computer work
Phenotype The manifestation of a trait (e.g., eye color, behavior), caused by genetic or 
environmental factors, or by a combination of both
Polymorphism Point mutation in the genotype that occurs in at least 3% of the population. A 
polymorphism is considered functional when the mutation results in an amino acid 
change.
Protein ‘Workers' of the cell; involved in many different functions (e.g., cell signaling, 
catalyzing chemical reactions); sequence of amino acids
SNP Single nucleotide polymorphism; variation in the DNA at a single base pair locus
VNTR Variable number of tandem repeats; a repetition of a short nucleotide sequence
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*Anybody can be 
I t  takes a
A
i\
a n o n -d ru n k .
■MKm m Jjlr B A  ' ' , , . i J l
special t a le n t  t o  be a d ru n k
Henri Chinaski in ‘Barfly’ (1987) by Charles Bukowski
CHAPTER 2
Parental problem drinking, parenting, 
and adolescent alcohol use
Published as:
Van der Zwaluw CS, Scholte RHJ, Verm ulst AA, Buitelaar JK , Verkes R, Engels RCME (2008) 
Parental problem drinking, parenting, and adolescent alcohol use. Journal o f Behavioral 
Medicine 31:18 9 -20 0
y
28
ABSTRACT
The presen t study exam ined w hether parental problem drinking a ffected  parenting (i.e., 
behavioral control, support, ru le-setting, alcohol-specific behavioral control), and w hether 
parental problem drinking and parenting a ffected  subsequen t adolescent alcohol use over 
tim e. A total o f 428 fam ilies, consisting o f both parents and two adolescents (mean age 13.4 
and 15.2  y e a rs  a t  Time 1) p artic ipated  in a three-w ave longitudinal study with annual waves. 
A series  o f path analyses were conducted using a structural equation modeling program 
(Mplus). Results dem onstrated th at, unexpectedly, parental problem drinking was in general 
not associated  with parenting. For the you nger adolescents, higher levels o f both parenting 
and parental problem drinking were related  to lower engagem ent in drinking over tim e. This 
im plies th a t shared environm ent fac to rs  (parenting and modeling effects) influence the 
developm ent o f alcohol use in young adolescents. When adolescents grow older, and move out 
o f the initiation phase, th e ir drinking behavior may be more a ffected  by other fac to rs , such 
as genetic susceptibility, and p eer drinking.
INTRODUCTION
Time trends in Dutch epidem iological research show a significant increase in frequency 
and intensity of alcohol consum ption among 12 to 15 year olds (Poelen et al., 2005). 
A larm ing high num bers o f Dutch adolescents (75% ) also report problem  drinking behaviors 
such as binge drinking (consum ing more than 5 am ounts o f alcohol on one occasion), 
when com pared to the ir Am erican counterparts (19%; Newes-Adeyi et al., 2005; Van 
Dorsselaer et al., 2007). In addition, previous studies show  that high levels o f alcohol- 
related problem s such as social consequences o f alcohol use (e.g., fam ily problem s) and 
dependence sym ptom s (e.g., loss of control) occur frequently in W estern societies, with 
approxim ately 10% o f both Am erican and Dutch populations reporting 3 or more alcohol- 
related problem s (Cornel et al., 1994; NIAAA, 1997; Van D ijck & Knibbe, 2005; W allitzer & 
Connors, 1999).
Parental problem  drinking increases risk for alcohol use in children (e.g., Chassin et 
al., 1996; Hawkins et al., 1992; Sher et al., 1991). Children o f alcoholics are not only at a 
h igher risk for early alcohol in itiation (Hill et al., 2000), they also show  a greater increase 
in alcohol consum ption over tim e than adolescents w ithou t a lcoholic parents (Chassin 
& Barrera, 1993). In addition, children w ith a fam ily history of a lcoholism  show more 
escalation o f alcohol use (Lieb et al., 2002), and more often develop alcohol disorders and 
dependence (Hill et al., 2000) than children w ithout a fam ily history o f a lcoholic parents.
In an attem pt to explain these associations, social theorists suggested a m odeling effect 
(Bandura, 1977) tha t causes youngsters to im itate the ir parents. O thers have proposed that 
parental substance abuse may im pair parenting (Sher, 1991; Van der Vorst et al., 2006; 
Van Zundert et al., 2006), which subsequently may affect adolescent alcohol consumption. 
As Mayes and Truman (2002) pointed out, personality characteristics, disabilities, or 
im pairm ents accom panying an addiction may affect the ab ility to raise a child. In addition, 
substance use alters the state o f consciousness, memory, affect, and impulse control, 
each o f which may im pair the adult's parenting capacities. Indeed, em pirical studies have
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shown that children o f a lcoholic parents receive less discipline (King & Chassin, 2004) and 
less em otional support from  the ir parents (Rutherford et al., 1997). In addition, Chassin 
et al. (1993) found that parental a lcoholism  decreased the am ount o f parental monitoring. 
This is all the more problematic, since discipline and rule setting, in turn, reduce the 
likelihood o f youngsters’ drunkenness (Engels & Van der Vorst, 2003), and more parental 
monitoring is related to less heavy drinking in adolescents (Kerr & Stattin, 2000; Van 
der Vorst et al., 2006). In addition, parental support appears to prevent early onset of 
alcohol use, as well as frequent and heavy alcohol use among adolescents (Barnes et al.,
1994). Thus, num erous cross-sectional studies have dem onstrated associations between 
parental alcohol use, parenting, and adolescent alcohol consum ption (e.g., Chassin et 
al., 1993; Kerr & Stattin, 2000). However, w ith the exception o f two prospective studies 
tha t showed that m onitoring by fathers and parental discipline m ediated between parental 
a lcoholism  and adolescents’ alcohol use (Chassin et al., 1996; King & Chassin, 2004), 
longitudinal studies are lacking. In addition, to allow  generalization o f find ings and to 
exam ine effects in potentia lly less severe cases, it is necessary to investigate com m unity- 
based sam ples (Russell et al., 1990). Accordingly, the central aim o f the present study was 
to longitudina lly exam ine the nature o f the relations between parental problem  drinking, 
parenting, and adolescent alcohol use in a three-wave com m unity-based sample.
A lcoho l-specific  parenting
Although studies on parenting and adolescent alcohol use have been informative, two 
im portant issues have hardly been addressed. First, m ost studies on the link between 
parenting and adolescent alcohol use have focused on general parenting. However, 
a lcohol-specific  socialization, which refers to the  actions parents undertake to  discourage 
or prevent the ir offspring from  drinking (Jackson et al., 1999; Van der Vorst et al., 2005), has 
received less attention in relation to parental drinking and adolescent alcohol use. Wood 
and colleagues (2004) found tha t late adolescents drank less alcohol when the ir parents 
disapproved o f drinking. In addition, imposing strict rules prevented youngsters from  heavy 
drinking (Jackson et al., 1999; Van der Vorst et al., 2005; Yu, 2003). However, w hether 
parental problem  drinking affects a lcohol-specific  parenting has not yet been examined. 
From studies on sm oking we know that parents who sm oke are less frequently engaged in 
anti-sm oking socialization practices than parents w ho do not smoke (Harakeh et al., 2005). 
A  s im ilar process m ight be at w ork regarding alcohol-specific  socialization, suggesting that 
parents w ith alcohol problem s may engage less frequently in a lcohol-specific socialization, 
and as such provide few er a lcohol-specific rules, are more perm issive towards alcohol use 
and exert less a lcohol-specific control.
Second, it is crucial to acknow ledge tha t the association between parenting and 
adolescent problem  behavior may be bidirectional: Parents do not only influence 
the ir children, but children’s behavior also exerts an effect on parents. Indeed, recent 
longitudinal studies showed a bidirectional relation between parenting and adolescent 
substance use. Ado lescent drinking, sm oking or deviant behavior decreased the level of 
parental m onitoring and rule setting (Huver et al., 2007; Stice & Barrera, 1995; Van der 
Vorst et al., 2006). This im plies tha t when these child effects are not taken into account, 
th is may lead to an overestim ation o f parental in fluences (Kerr & Stattin, 2003; Van der 
Vorst et al., 2006).
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Figure 1. Longitudinal model o f  p aren ta l alcohol- 
re la ted  problem s, p aren ta l p ra c tic e  and alcohol u se  o f  ad o lesc en ts
C u rren t s tu d y  and e x p e c ta n c ie s
We longitudina lly investigated the direct effect o f parental problem  drinking on 
adolescent alcohol use, the role of a lcohol-specific  and general parenting practices in 
th is relationship, and the reciprocal effects o f adolescent alcohol use on parenting (see 
Figure 1). It was expected tha t parental problem  drinking would have a direct positive 
effect on adolescent alcohol use, w ith more parental alcohol-re lated problem s leading 
to more adolescent alcohol use. In addition, an indirect relationship was expected via 
parenting; more specifically, h igher levels o f parental problem  drinking were thought to 
have a negative effect on both general and alcohol-specific  parenting practices, which in 
turn would lead to more adolescent alcohol use. Moreover, the drinking behaviors o f the 
adolescents w ere expected to influence parenting, w ith more adolescent drinking resulting 
in less parental discipline and monitoring.
METHOD
P a rtic ip a n ts  and recru itm en t
The data were derived from  an ongoing Dutch longitudinal survey called 'Fam ily and 
H ealth ’, which exam ines different socialization processes in relation to various health 
behaviors in adolescence (see Harakeh et al., 2005; Van der Vorst et al., 2005). A  total of 
428 Dutch fam ilies, consisting o f mother, father, and two adolescent children, participated 
in our study in the first wave (2002-2003). Fam ilies were included when the parents were 
married or living together, and when all fam ily m em bers were biologically related. Families 
w ith twins, or with m entally or physically disabled offspring were excluded. Num bers of
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drop-outs w ere extrem ely low in the second (2003-2004) and third wave (2004-2005), with 
416 (97% ) and 404 (94% ) participating fam ilies, respectively.
The m ajority of the fam ilies were o f Dutch origin (> 95%). The mean age o f the 
participants at T ime 1 was 15.2 years (SD = .60) for the older adolescents, 13.4 years (SD 
= .50) for the younger adolescents, 46.2 years (SD = 4.00) for the fathers, and 43.8 years 
(SD = 3.57) for the mothers. O f the older adolescents, 47%  w ere girls, com pared to 52%  in 
the younger group. Concerning educational level, an equal distribution was realized, with 
about one third o f the adolescents follow ing low education, one third follow ing intermediate 
general education, and one third follow ing the highest level o f secondary school. The 
different levels o f the Dutch secondary school system  are com parable w ith the different 
tracks w ith in a m iddle class public high school in the USA, although they may not be 
com plete ly interchangeable. In our sample, when com pared to national Dutch figures, the 
interm ediate general education is slightly underrepresented, while the low and high levels 
are slightly overrepresented (CBS, 2007).
P rocedu re
The fam ilies were visited at home by a trained interviewer. In his or her presence all 
four fam ily m em bers individually filled out an extensive questionnaire, which took about 
two hours to complete. The participants were not allowed to consult each other or to 
discuss the answers. W hen all fam ily m em bers had com pleted the questionnaire, each 
fam ily received 30 euros (39 US dollars). In addition, a fter com pletion of the first three 
waves o f the project, 5 traveler cheques o f 1000 euros (1300 US dollars) each were raffled 
among all participating fam ilies. Approval was obtained from  the Central Com m ittee on 
Research Involving Human Subjects on collecting the data.
M easures
Self-reports were used to m easure parental problem  drinking and adolescent alcohol 
use. The four parenting practices were based on adolescents’ reports, reflecting how they 
perceived the ir parents' behaviors. The questions regarding the parenting variab les were 
asked in such a w ay tha t the adolescents were able to discrim inate between the parenting 
practices o f the ir m others and fathers.
Problem  drin king. To m easure the severity o f fathers' and mothers' alcohol-related 
problems, both parents com pleted the problem  drinking list of Cornel et al. (1994). The 
original scale was based on three com m only used instrum ents to m easure problem 
drinking: CAGE (Cut down, Annoyed, Guilty, Eye-opener, CAGE is an acronym  formed 
by taking the first le tter o f key words from  each of the follow ing questions; Mayfield et 
al., 1974), Short M ichigan A lcohol Screening Test (SMAST; Selzer et al., 1975), and a 
shortened version of the Self-Adm in istered A lcohol Screening Test (SAAST; Davis et 
al., 1987). Seriousness o f problem  drinking was developed as a Rasch scale w ith items 
arranged in order o f increasing severity. The more severe the items, the less frequently 
they are scored positively. S ince all requirem ents o f the Rasch model were met, the items 
form  a reliable and unid im ensional scale (Cornel et al., 1994). Exam ples o f items were 'Do 
you ever drink alcohol to forget your concerns?' (item  2) and 'Have you ever lost your job 
because of your drinking' (item  18). Respondents could respond 0 'no', or 1, 'yes'. Severity 
o f problem  drinking was reflected by the aggregated score with a m axim um  score o f 18.
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Because o f the skewness o f the sum m ed variab le ’s distribution, scores were categorized 
into 3 m eaningful groups: 1 = never had problem s due to alcohol; 2 = has had problems 
due to alcohol a couple o f tim es, 3 = problem  drinkers (see Cornel et al., 1994).
General Parenting . To m easure parental behavioral control, we used a Dutch translation 
o f the scale developed by Kerr and Stattin (2000). The scale consisted o f 5 items with 
response categories ranging from  1 'no, never’ to 5 'yes, a lw ays’. Exam ples o f items were: 
'Do you need to have your m other's perm ission to stay out late on a weekday evening?’ 
and 'Before you go out on a Saturday night, does your fa ther require you to tell them  where 
you are going and w ith whom ?'. Internal consistencies as m easured with Cronbach's 
alphas ranged from  .71 to .90 fo r the reports o f both adolescents, about the ir m others and 
fathers over the three waves.
To m easure parental support, we used the Relationship Support Inventory (RSI; Scholte 
et al., 2001) tapping several aspects o f em otional and instrum ental support. Exam ples of 
items were 'M y m other shows me tha t she loves me' and 'M y fa ther supports me in what
I do'. The adolescents had to answer 12 items on a scale from  1 'abso lu te ly untrue' to 5 
'abso lu te ly true'. The am ount o f support was the mean score on 12 items. Cronbach's 
alpha coeffic ients were between .76 and .88 across the three waves.
A lco h o l-specific  paren tin g . Van der Vorst et al. (2005) developed a 10-item scale to 
m easure the degree to which parents perm it the ir children to consum e alcohol. Examples 
o f items were: 'I am allowed to drink a lcoholic consum ptions when my m other/fa ther is 
at home' and 'I am allowed to drink alcohol on weekdays'. Partic ipants had to respond 
on a 5-point scale tha t ranged from  1 'com plete ly applicable ' to 5 'not applicable at all'. 
The internal consistency was high, w ith C ronbach's alphas between .89 and .92 over 
the three waves. In addition, the general behavioral control scale o f Kerr and Stattin 
(2000) was adapted to m easure behavioral control aimed at affecting adolescents' alcohol 
consum ption. Exam ples o f the 5 items were 'Do you need your m other’s perm ission to 
drink alcohol on weekdays?' and 'Does your m other w ant to know w hether your friends 
drink alcohol?'. As in the original scale, the response categories ranged from  1 'never' to 5 
'a lw ays’. C ronbach’s alpha coefficients were between .74 and .88 across the three waves.
A d o lescen t alcohol use. Intensity o f drinking was assessed by questions tha t asked about 
the num ber o f glasses consum ed in the previous week, during weekdays and weekends, 
both outside and inside the house (Engels et al., 1999b). The aggregated score on these 
four questions was used as an indication o f the adolescents’ intensity o f alcohol use (Van 
der Vorst et al., 2005). Because o f the skewness in the distribution o f th is variable, total 
scores were categorized into 7 groups (0 = 0 glasses, 1 = 1 or 2 glasses, 2 = 3 to 5 
glasses, 3 = 6 to 10 glasses, 4 = 11 to 20 glasses, 5 = 21 to 30 glasses, 6 = 31 glasses 
and above).
S tr a te g y  o f  an a lyses
For the descriptive part o f the analyses we applied t tests, Pearson corre lations and 
general linear m odeling w ith repeated m easures (the latter to test changes over tim e in 
alcohol-re lated problem s and alcohol use). W e perform ed cross-lagged path analyses 
(see Figure 1), using version 4.1 o f the M plus statistical package (M uthen & Muthen, 1998­
2006), to test (a) to which degree parental alcohol-re lated problems, parental practices and 
alcohol use o f adolescents were stable over time, (b) w hether parental problem  drinking
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was related to parental practices and alcohol use of the adolescent over tim e and (c) 
w hether parental practices and alcohol use o f the adolescent were cross-re lated over time 
(Finkel, 1995). Cross relations over tim e allow  to test causal predom inance: Are specific 
parenting practices the 'cause' o f adolescent alcohol use, or does adolescent alcohol use 
provoke specific parenting practices (Byrne, 1998)? Structural regression m odels are 
generally som ewhat more sophisticated than the path m odels used in our study because 
they correct fo r m easurem ent error (Kline, 1998, p. 211). This contro lling fo r error variance 
by m eans o f latent variab les tha t are measured by multiple m anifest indicators plus the ir 
error variance, however, also increases the num ber o f param eters to be estim ated. In 
addition, more com plex models, i.e. m odels w ith more parameters, require larger sample 
sizes than do more parsim onious m odels in order fo r the estim ates to be com parably stable 
(Kline 1998, p. 111). Kline (1998) recom m ends a param eter -  subjects ratio o f 1:10. As 
such, we used path m odels in which one m anifest param eter represented all the individual 
items o f one scale by m eans o f the mean or sum score. The model depicted in Figure 1 was 
tested fo r each o f the four parenting variab les separately. A  total o f 4 (parenting variables) 
x  2 (fathers and m others) = 8 m odels were tested. The variab les at T1 and the disturbance 
term s o f the variab les at T2 and T3 were free to correlate. Because adolescent alcohol 
consum ption and parental problem  drinking were relatively skewed and the m easurem ent 
level was ordered more categorical (ord inal) than interval, m axim um  likelihood estimation 
m ethods (dem anding m ultivariate normal distributed variab les) were less suited. W e used 
the weighted least square method w ith adjusted m ean- and variance chi-square (W LSM V) 
estimator, an estim ation method specifica lly developed for ordered categorical dependent 
variab les (M uthen & Muthen, 1998-2006). To test model fit, standard chi-square tests as 
well as the num ber o f degrees o f freedom  (df) were replaced by robust chi-square tests 
(m ean- and variance-adjusted chi-squares) and estim ates o f d f (Muthen, 1998-2004, pp. 
19-20). The latter estim ates are dependent on sam ple inform ation and this expla ins why 
d f with identical m odels can vary across different groups.
Together w ith the  robust chi-square tests we used tw o fit measures: the Root Mean 
Square Error o f Approxim ation (RMSEA; Byrne, 1998; S te iger & Lind, 1980), and the 
Com parative Fit Index (CFI) of Bentler (Bentler, 1990). RM SEA is utilized to assess 
approxim ate fit preferably w ith values less than or equal to .05, but values between .05 
and .08 are indicative o f fa ir fit (Browne & Cudeck, 1993). CFI is a com parative fit index, 
values above .95 are preferred (Kaplan, 2000), but should not be lower than .90 (Kline, 
1998, see also Hu & Bentler, 1999, and, for com m entary on existing guidelines Marsh, 
Hau, & W en, 2004). Mplus has several possib ilities to  handle m issing values depending 
on the estim ation method used. In our case (using the W LSM V-estim ator) all available 
inform ation in the data was used by m eans o f pair-w ise inform ation o f each com bination 
o f two variables.
RESULTS
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D escrip tives  on alcohol consum ption and problem  drinking
Table 1 shows the means, standard deviations, and percentages o f parental problem 
drinking. Fathers reported higher levels o f problem  drinking than m others at all three 
waves, as was tested w ith separate t tests. (T1: t(424) = 8.11, p < .001; T2: t(426) = 8.13,
2
p < .001; T3: t(424) = 7.93, p < .001). W ith general linear modeling repeated m easures we 
tested w hether m aternal and paternal problem  drinking differed over tim e (within factor). 
Both paternal and m aternal problem  drinking showed significant differences over tim e (for 
fathers: F(2, 421) = 23.18, p < .001, partial eta squared (PES) = .10, and for mothers: F(2, 
424) = 59.10, p < .001, and PES = .22).1 Subsequently carried out repeated contrasts 
revealed significant differences over tim e only from  T1 to T2, fo r both parents (p < .001), 
but not from  T2 to T3. A t T1, the o lder adolescents consum ed on average 4.36 glasses in 
the past w eek (SD = 6.81; T2: M = 7.78, SD = 10.86; T3: M = 9.75, SD = 12.35), compared 
to 1.23 glasses (SD = 3.41) consum ed in the past w eek by the younger sib lings (T2: M = 
3.70, SD = 8.99; T3: M = 6.22, SD = 10.32). O lder adolescents reported significantly higher 
levels of alcohol consum ption than younger adolescents at all three waves (T1: t(417) = 
9.30, p < .001; T2: t(414) = 6.85, p < .001; T3: t(405) = 5.09, p < .001). Repeated measures 
showed a significant increase in alcohol consum ption over tim e for both adolescents, for 
T1 to T2, and T2 to T3 (for older adolescents: F(2, 394) = 34.15, p < .001, PES = .15, and 
fo r younger adolescents: F(2, 414) = 42.64, p < .001, PES = .17).
C o rrelatio n s b etw een  c ro ss-sectio n a l and longitud inal v a riab les
M aternal and paternal problem  drinking corre lated positively, but m arginally with 
adolescents' alcohol consum ption (.02 < r < .19). Parental problem  drinking correlated 
negatively w ith support (-.18 < r < -.02), and a lcohol-specific behavioral control (-.22 < r < 
-.01), and positive ly with perm issiveness (.03 < r < .24), while both positive and negative 
corre lations were found between parental problem  drinking and general behavioral control 
(-.13 < r < .15). A do lescent alcohol use correlated low to m oderate ly w ith general behavioral 
control (-.24 < r < -.05), support ( -.15 < r < -.02) and a lcohol-specific behavioral control 
(-.29 < r < -.03), and positive ly w ith perm issiveness (.18 r < .46). General behavioral 
control correlated positive ly w ith support (.11 < r < .40) and negatively w ith perm issiveness 
(-.29 < r < -.02). M oderate corre lations existed between the general behavioral control 
scale and the a lcohol-specific behavioral control scale (.19 < r < .55), indicating tha t they
Table 1. M eans, S tan d ard  D eviations and P e rc e n ta g e s  o f  Parental Problem 
Drinking (PD) and A d o lescen t Alcohol u se (A) a t  Tim e 1 (Ti), Tim e 2 (T2), and Tim e 3  (T3)
T1 T2 T3
M* SD %** M* SD %** M* SD %**
PD father 1.84a 2.18 19.4 2.33b 1.99 25.5 2.21b 2.00 22.7
PD mother 8 -a 1.57 5.6 1.44b 1.51 8.4 1.42b 1.49 9.1
A younger 
adolescent
1.22s 3.41 n.a. 3.11b 8.35 n.a. 5.27c 9.76 n.a.
A older 
adolescent
4.37a 6.80 n.a. 7.15b 10.62 n.a. 8.79c 12.08 n.a.
Note: *M represents the mean score calculated from the aggregated scores of all 18 items (maximum score = 18) of 
which the problem drinking scale consists (Cornel & Knibbe, 1994). **Percentages of problem drinkers are computed 
with a cut-off score > 3. n.a. = not applicable. Values for adolescent alcohol use (A) represent the intensity of alcohol 
use, i.e. the number of glasses of alcohol consumed in the past week. Fathers had significantly more alcohol-related 
problems than mothers at all three time points, with p < .01. Older adolescents reported significantly more alcohol 
than younger adolescents at all three time points. Means in the same row that do not share superscripts (a, b, c) are 
significantly different (p < .001).
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share the sam e basis, but can be seen as separate constructs. Correlation tab les are 
available upon request.
S tru ctu ra l eq u ation  m odels
All m odels showed an acceptable fit (Table 2), w ith all Com parative Fit Indices (CFI) at 
least above .90 and all Root Mean Square Errors o f Approxim ation (RM SEAs) below .08.
Table 2. Fit In d ices fo r  all Models
Father Mother
PM AS BC SU PM AS BC SU
df 26 30 30 26 27 30 29 28
X2 36.13 58.73 76.05 41.78 47.92 56.80 78.49 42.95
p 0.09 0.00 0.00 0.03 0.01 0.00 0.00 0.04
CFI 0.98 0.96 0.93 0.98 0.96 0.96 0.92 0.98
RMSEA 0.03 0.05 0.06 0.04 0.04 0.05 0.06 0.04
Note: BC = Behavioral control, SU = Support, PM = Permissiveness AS = Alcohol-specific behavioral control. Each 
column represents one model with a specific parenting variable, separately for mothers and fathers.
A lcohol-specific  p aren tin g : p erm issiv en ess  and a lco h o l-sp ecific  behavioral control. Standardized re­
M  gression we ights (p) o f parental problem  drinking, perm issiveness, a lcohol-specific behav- 
M  ioral control, and adolescent alcohol consum ption showed a strong stability over time, with 
values between .36 and .88 (see Table 3).
M  Regarding both the older and younger adolescents, no significant associations were
found between parental problem  drinking and parental perm issiveness, with the exception 
o f problem  drinking o f both fathers and m others at T1 which was s ignificantly and positively 
related to perm issiveness towards the older adolescent at T2 (for fathers: p = .11, p < .01, 
for mothers: p = .12, p < .01). More problem  drinking o f the m other at T1 and T2 was 
significantly associated w ith more alcohol use o f the older adolescent at T2 and drinking 
o f the younger adolescent at T3 respectively (p = .16, p < .01; p = .14, p < .01). Problem 
drinking o f the father at T2 was significantly and positive ly associated to alcohol use o f the 
youngest adolescent at T3 (p = .19, p < .001). More parental perm issiveness at T1 led to 
more alcohol use at T2 in both younger and older adolescents (.12 < p < .17, p < .05). This 
significant relation was not found between T2 and T3. W e did not find tha t parents adapt 
the ir levels of perm issiveness in response to adolescent alcohol use.
Paths from  parental problem  drinking at T2 on a lcohol-specific behavioral control at T3 
M  were s ignificant for the fa ther regarding both the older and younger adolescents (respectively
p = -.11 and p = -.14, p < .01), and fo r the m other regarding the younger adolescent (p = 
M  -.15, p < .01). Problem  drinking o f the fa ther at T2 related substantia lly to alcohol use of
the younger adolescent at T3 (p = .20, p < .001). Problem  drinking o f the m others affected 
both the older (p = .18, p < .001) and the younger adolescents' alcohol consum ption (p 
M  = .15, p < .01). For the younger, but not for the o lder adolescents, more alcohol-specific
behavioral control at T1 was related to lower levels o f adolescent alcohol use at T2 (p = 
M  -.23, p < .001 for fathers, p = -.24, p < .001 fo r mothers). Ado lescent alcohol use negatively
affected a lcohol-specific behavioral control o f both parents (.10 < p < .12, p < .05).
3 6 J
Table 3. Structural Parameters Estimates of the Alcohol-Specific Parenting
Practices, Parental Problem Drinking (PD) and Adolescent Alcohol Use (Standardized Beta Weight)
Permissiveness Alcohol-specific behavioral 
control
Fathers Mothers Fathers Mothers
1. PD T1 -  PD T2 .79 .76 .80 .76
2. PD T2 -  PD T3 .82 .88 .82 .82
3. Parenting OA T1 -  Parenting OA T2 .68 .67 .55 .55
4. Parenting OA T2 -  Parenting OA T3 .73 .73 .64 .64
5. Alcohol use OA T1 -  Alcohol use OA T2 .46 .47 .55 .54
6. Alcohol use OA T2 -  Alcohol OA T3 .66 .66 .67 .67
7. Parenting YA T1 -  Parenting YA T2 .75 .76 .50 .49
8. Parenting YA T2 -  Parenting YA T3 .76 .76 .49 .48
9. Alcohol use YA T1 -  Alcohol use YA T2 .36 .37 .42 .42
10. Alcohol use YA T2 -  Alcohol use YA T3 .55 .54 .59 .57
Paths from PD
11. PD T1 -  Parenting OA T2 .11** .12** .07 -.08
12. PD T2 -  Parenting OA T3 .05 .03 -.11** -.07
13. PD T1 -  Alcohol use OA T2 .08 .16** .09 .18***
14. PD T2 -  Alcohol use OA T3 .02 .02 .03 .03
15. PD T1 -  Parenting YA T2 .07 .03 .05 -.02
16. PD T2 -  Parenting YA T3 .05 .04 -.14** -.15**
17. PD T1 -  Alcohol use YA T2 .00 -.02 .00 -.03
18. PD T2 -  Alcohol use YA T3 .19*** .14** .20*** .15**
Cross-lagged paths
19. Parenting OA T1 -  Alcohol use OA T2 .15** .12* .05 .04
20. Parenting OA T2 -  Alcohol use OA T3 .02 .03 -.02 -.07
21. Alcohol use OA T1 -  Parenting OA T2 -.01 .01 -.07 -.05
22. Alcohol use OA T2 -  Parenting OA T3 -.04 -.04 -.10* -.09
23. Parenting YA T1 -  Alcohol use YA T2 .17** .17** -.23*** -.24***
24. Parenting YA T2 -  Alcohol use YA T3 .04 .05 .05 -.03
25. Alcohol use YA T1 -  Parenting YA T2 .01 .02 -.02 -.10*
26. Alcohol use YA T2 -  Parenting YA T3 .01 .01 -.12* -.10*
27. Alcohol use OA T1 -  Alcohol use YA T2 .08 .09 .09 .09
28. Alcohol use OA T2 -  Alcohol use YA T3 .11* .12* .09 .11*
Note: PD = Parental Problem Drinking, OA = Older Adolescent, YA = Younger Adolescent. All stability paths are 
significant at p < .001. The numbered paths in the table correspond to the arrowed paths depicted in Figure 1.
* p < .05, ** p < .01, *** p < .001.
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General p aren tin g : behavioral control and su p p o rt. The standardized regression we ights of 
parental problem  drinking, support, behavioral control, and adolescent alcohol consumption 
showed a strong stability over time, w ith values between .42 and .85 (see Table 4).
Regarding both the older and younger adolescents, paths o f both m aternal and paternal 
problem  drinking w ith behavioral control were generally not significant. O nly maternal 
problem  drinking at T2 showed a s ignificant association with behavioral control towards 
the youngest adolescent at T3 (p = -.12, p < .01). Problem  drinking o f the m other at T1 and 
T2 was significantly associated w ith alcohol use o f the older adolescent at T2 and drinking 
o f the younger adolescent at T3 respective ly (p = .18, p < .001, p = .15, p < .01). Problem 
drinking o f the fa ther at T2 related substantia lly to alcohol use o f the younger adolescent 
at T3 (p = .20, p < .001). Considering the cross-lagged paths, more parental behavioral 
control at T2 was associated w ith less alcohol consum ption o f the o lder adolescents at T3 
(p = -.11, p < .05 fo r fathers, p = -.18, p < .001 fo r mothers), but not from  T1 to T2. Younger 
adolescents also consum ed less alcohol at T2 when the ir parents exerted more behavioral 
control at T1 (p = -.15, p < .01 fo r fathers, p = -.14, p < .01 fo r mothers). In addition, older 
adolescents' drinking at T2 negatively affected parental behavioral control at T3 (p = -.12, 
p < .01 for fathers, p = -.14, p < .01 fo r mothers), indicating tha t when older adolescents 
drank more, parents exerted less general behavioral control. This result was not found for 
the younger adolescent.
No significant associations were found between parental problem  drinking and the 
support parents provide to both the younger and older adolescent. Paternal problem 
drinking at T2 directly affected alcohol use o f the younger adolescent at T3 (p = .20, p < 
.001). M others' problem  drinking at T1 and T2 affected alcohol use o f the older adolescent 
at T2, and drinking o f the younger adolescent at T3 respectively (p = .18, p < . 001; p = 
.14, p < .01). More parental support at T1 was related to less alcohol use o f the younger 
adolescents at T2 (p = -.10, p < .05 for fathers, p = -.15, p < .01 for mothers). These 
associations w ere not found between T2 and T3, nor fo r the older adolescents. In addition, 
more alcohol use of the older adolescents at T1 was associated w ith less parental support 
at T2 (p = -.11, p < .01 for father, p = -.08, p < .05 for mothers).
Additional an a lyses
W e also tested w hether o lder adolescents influenced the ir younger siblings in drinking 
behavior. Results showed that alcohol consum ption o f the older adolescents tended to 
directly affect alcohol use o f the younger adolescent (.10 < p < .12, p < .05).
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Table 4. Structural Parameters Estimates of General Parenting Practices,
Parental Problem Drinking (PD) and Adolescent Alcohol Use (Standardized Beta Weight)
Behavioral control Support
Fathers Mothers Fathers Mothers
1. PD T1 -  PD T2 .80 .73 .81 .77
2. PD T2 -  PD T3 .83 .82 .85 .80
3. Parenting OA T1 -  Parenting OA T2 .61 .64 .76 .73
4. Parenting OA T2 -  Parenting OA T3 .70 .70 .76 .72
5. Alcohol use OA T1 -  Alcohol use OA T2 .54 .53 .53 .53
6. Alcohol use OA T2 -  Alcohol OA T3 .66 .66 .67 .67
7. Parenting YA T1 -  Parenting YA T2 .66 .63 .70 .67
8. Parenting YA T2 -  Parenting YA T3 .63 .73 .69 .70
9. Alcohol use YA T1 -  Alcohol use YA T2 .43 .42 .43 .42
10. Alcohol use YA T2 -  Alcohol use YA T3 .58 .57 .59 .57
Paths from PD
11. PD T1 -  Parenting OA T2 .03 -.06 .00 .07
12. PD T2 -  Parenting OA T3 -.05 -.04 -.06 -.01
13. PD T1 -  Alcohol use OA T2 .09 .18*** .10 .18***
14. PD T2 -  Alcohol use OA T3 .03 .00 .03 .02
15. PD T1 -  Parenting YA T2 .06 .00 .08 .03
16. PD T2 -  Parenting YA T3 -.04 -.12** -.03 -.06
17. PD T1 -  Alcohol use YA T2 .00 .00 .00 -.01
18. PD T2 -  Alcohol use YA T3 .20*** .15** .20*** .14**
Cross-lagged paths
19. Parenting OA T1 -  Alcohol use OA T2 .04 .03 -.04 -.07
20. Parenting OA T2 -  Alcohol use OA T3 -.11* -.18*** -.02 -.02
21. Alcohol use OA T1 -  Parenting OA T2 -.07 -.05 -.01 -.02
22. Alcohol use OA T2 -  Parenting OA T3 -.12** -.14** -.06 .01
23. Parenting YA T1 -  Alcohol use YA T2 -.15** -.14** -.10* -.15**
24. Parenting YA T2 -  Alcohol use YA T3 -.05 -.08 .07 -.01
25. Alcohol use YA T1 -  Parenting YA T2 -.04 -.09* -.11** -.08*
26. Alcohol use YA T2 -  Parenting YA T3 -.05 -.07 .02 -.02
27. Alcohol use OA T1 -  Alcohol use YA T2 .10* .09 .09 .10
28. Alcohol use OA T2 -  Alcohol use YA T3 .10* .10* .11* .11*
Note: PD = Parental Problem Drinking, OA = Older Adolescent, YA = Younger Adolescent. All stability paths are 
significant at p < .001. The numbered paths in the table correspond to the arrowed paths depicted in Figure 1.
* p < .05, ** p < .01, *** p < .001.
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DISCUSSION
The aim o f the present study was to gain insight into the associations between 
parental problem  drinking, parenting, and adolescent alcohol use in a sam ple of Dutch 
fam ilies. The first main finding shows that, except for a lcohol-specific  behavioral control, 
parental problem  drinking does not structura lly affect parenting over time. More alcohol- 
related problem s did not result in less behavioral control, less general support, or higher 
perm issiveness. O ur results differ from  those o f o ther studies in which significant relations 
between parental problem  drinking and parenting were found (Chassin et al., 1993; King & 
Chassin, 2004; Rutherford et al., 1997). These differences could be due to m ethodological 
issues, as problem  drinking or a lcoholism  in the latter studies were often diagnosed in 
conform ity w ith the DSM -IV criteria, whereas we concentrated on a broader range of 
alcohol-re lated problem s in a com m unity sample. Thus, because o f our assessm ent of 
problem  drinking2, instead o f alcohol dependence or abuse, and because o f our focus on 
a com m unity sam ple instead o f a clinical sample, the present study reflects the situation 
in the general population, and as such enhances the generalizab ility  of the findings. 
A no ther explanation for the non-significant relation between parental problem  drinking 
and general parenting comes from  the buffering hypothesis, which states tha t “support 
protects persons from  the potentia lly pathogenic influence of stressful events” (Cohen 
& W ills, 1985, p. 310). Accordingly, children o f one problem -drinking parent may be 
protected from  the parent's inadequate parenting by the support and adequate parenting 
o f the other (non-problem  drinking) parent. A  buffering m echanism  has been reported in 
the literature. For example, Van Aken and A sendorp f (1997) found that low support from 
one parent could be com pensated by support from  the other parent in affecting adolescent 
self-esteem . In addition, peer friendships, positive peer relations and fam ily cohesion have 
each shown to be a protective factor against children's externaliz ing problem s in fam ily 
conflict situations (Criss et al., 2002; Farrell et al., 1995). W ith respect to problem  drinking, 
the possib ility o f enhancing resiliency in children and adolescents, by protecting against 
possible harmful in fluences from  one parent by a strong relationship w ith the other parent, 
siblings, or peers, should be a top ic o f exam ination in future research. In addition, with 
regard to the persons in our sample, being part o f a stable, nuclear fam ily tha t consists of 
two biological parents w ith two or more children living together may be protective in itself.
O ur find ings do not im ply tha t problem  drinking has no effect on personal cognition 
or functioning, but suggest tha t parents are able to regulate the ir problem  behavior with 
regard to the ir children and parenting practices. However, parental problem  drinking may 
affect the w ay in which parents handle alcohol use w ith in the family. Parents with more 
alcohol-re lated problem s are not more perm issive than parents who do not have these 
problems. M aintaining the set rules by m eans o f a lcohol-specific behavioral control, 
however, does appear to be a problem.
O ur second main finding is tha t higher levels of behavioral control, support, rules, 
and a lcohol-specific behavioral control account fo r less alcohol consum ption in mainly 
the younger adolescents, which corresponds with the literature on this top ic (e.g., Kerr 
& Stattin, 2000; Van der Vorst et al., 2005, 2006). A lcoho l-specific  rule setting played 
an im portant role in drinking o f both the younger and older adolescents. W hen parents 
were more perm issive toward alcohol use, adolescents reported higher levels o f drinking,
which is in accordance w ith other studies on rule enforcem ent and adolescent alcohol 
use (Jackson et al., 1999; Van der Vorst et al., 2005; Van Zundert et al., 2006; Yu, 2003). 
However, support and both general and a lcohol-specific behavioral control were only 
associated w ith less alcohol use o f the younger adolescent, up to the age o f about 14 
years. For older adolescents the effect o f parenting disappeared, and parental problem 
drinking was found to directly affect adolescent alcohol use. In expla ining th is pattern, it 
m ight be tha t parenting exerts influence before and during the initiation phase o f alcohol 
use, which in Dutch adolescents takes place around the age o f 14 years (Poelen et al.,
2005), but tha t parenting is no longer im portant once the habitual drinking pattern has 
been established (DeCourville, 1995). Further, it has been suggested tha t genetic effects 
increase in im portance over tim e during late adolescence, whereas environm enta l factors 
decrease in importance. Twin studies have indeed shown tha t shared environm ental 
factors, such as parenting, play a profound role in the in itiation o f alcohol use, but that 
genetic factors are more im portant in frequency o f alcohol use and problem  drinking 
in young adulthood (see Hopfer et al., 2003; Pagan et al., 2006). Moreover, during 
adolescence, parental factors decrease in importance, whereas the influence of peers 
increases, making the latter a strong predictor fo r adolescent drinking (Fergusson et al.,
1995). As such, shared environm ental factors, such as parenting and parental modeling, 
affect alcohol consum ption in young adolescence. Drinking in later adolescence may be 
related to other, non-shared factors, such as genes and peer drinking. Accordingly, future 
research should apply a longitudinal, behavioral genetic design, preferably examining 
the different stages o f adolescent drinking (initiation, frequency o f consum ption, drinking 
to intoxication) in order to partial out the different effects o f genetic and environm ental 
factors.
O ur third main finding considers the reciprocal associa tions between adolescent alcohol 
use and parental behaviors. More adolescent alcohol use made parents decrease their 
levels o f general and a lcohol-specific behavioral control over time. Levels o f support were 
also negatively adjusted in response to adolescent alcohol use, but only in the younger 
adolescents. O ur find ings concur w ith recent studies tha t also reported bidirectional 
find ings between parenting practices and adolescent substance use (Huver et al., 2007; 
Stice & Barrera, 1995; Van der Vorst et al., 2006). However, parents did not adjust their 
levels o f perm issiveness in response to adolescent alcohol use. Perhaps rule-setting is 
more stable over time, and is not affected by fluctuations in adolescent alcohol use. The 
application o f those rules, however, by m eans o f exerting control, was influenced by the 
levels o f a lcohol tha t adolescents consumed. Since our study is one o f the first to examine 
reciprocal effects between adolescent drinking and parental factors, more research on this 
top ic  is warranted.
Regarding differences between fathers and mothers, we found tha t maternal, but not 
paternal problem  drinking w as directly associated w ith alcohol use o f the oldest adolescent. 
This is a rem arkable finding, considering the fact tha t in m ost parenting studies w ith a 
focus on alcoholism  or problem  drinking, wom en are underrepresented (e.g., Chassin 
et al., 1993). Future research should specifica lly include m others in studies regarding 
alcoholic or problem -drinking parents.
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Lim itations
Despite the advantages o f our study, such as m ulti-in form ant data, longitudinal design 
and the testing o f reciprocal associations in path analyses, som e lim itations should be 
addressed. First, we did not further exam ine relationships in subgroups (for example, sex 
differences) because o f a lack of statistical power and, subsequently, the risk o f making 
Type II errors. Nonetheless it should be stressed tha t in this type o f longitudinal study 
w ith a full-fam ily design, the sam ple size was substantia l and the low attrition rates over 
the three waves were remarkable. Second, parental factors expla ined only a sm all part 
o f the variance in adolescent drinking. However, finding small effects does not imply that 
parental factors are unimportant. The finding tha t parenting influences adolescent alcohol 
consum ption can have large practical im plications (see Abelson, 1985). Third, parents 
may have under-reported the ir alcohol-re lated problem s because o f social desirability 
and adolescents may have under-reported the ir alcohol use because o f the presence of 
the ir parents at home w hile filling in the questionnaires. In an attem pt to antic ipate these 
biases, and to ensure confidentiality, the questionnaires had to be com pleted individually 
and separately, w ithou t the possib ility for fam ily m em bers to discuss the answers. In 
addition, studies have shown that self-reports concerning alcohol use are a reliable 
source o f inform ation (Engels et al., 2007). Fourth, although the sam ple was carefully 
selected, the results cannot be generalized to the whole Dutch population, because of 
the lack o f fo r example, single-parent fam ilies and step-fam ilies. Fifth, in the Netherlands 
the legal age to drink beer and w ine is 16, and the legal age to drink liquor is 18. This 
may make it d ifficu lt to com pare previous research from  the USA, where the legal age 
to drink is 21, w ith our results. Sixth, it m ight be tha t the initial m easurem ents triggered 
follow-up discussions about alcohol use w ith in fam ilies, which m ight have acted as an 
intervention. However, since our study is longitudinal and ongoing, we did not w ant to 
encourage any speculations or thoughts on the content o f the questionnaires which might 
affect the follow ing m easurem ents, and as such we did not consult the fam ilies on these 
matters. Seventh, in our questionnaires, the definition of “glasses” o f alcohol was left 
up to the respondents to interpret. This may have lead to a reporter bias in the exact 
am ount o f alcohol consum ed because o f different (non-standard) glass sizes. However, 
m easurem ent o f the precise am ount o f alcohol consum ed is rather d ifficu lt to realize in our 
current study design. Experim ental designs or diary studies will be able to more accurately 
m easure and control the precise quantity of consum ed alcohol. See Kerr et al. (2005) for 
an elaborated discussion on th is topic.
Taking these lim itations into account, this study is the first to d isentangle the prospective 
relations between parental alcohol-re lated problems, parenting, and adolescent alcohol 
use in a com m unity sam ple using m ulti-inform ant data. The results show  that parental 
problem  drinking does not substantia lly and system atica lly affect parenting, and that 
parenting influences adolescent alcohol use, but only up to the age o f about 14 years. This 
im plies tha t shared environm ent factors (e.g., parenting and m odeling effects) influence 
the developm ent o f alcohol use in young adolescents. W hen adolescents grow  older, and 
move out of the initiation phase, the ir drinking behavior may be more affected by other 
factors, such as genetic susceptib ility and peer drinking.
y
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FOOTNOTES
1 In trying to explain the s ignificant increase in parental problem  drinking from  T1 to T2, while 
one would expect adult behavior to remain relatively stable, we exam ined w hether Dutch 
national trends in alcohol use could account fo r th is increase. However, the percentage of 
alcohol drinkers rem ained stable after 2000, and heavy use o f alcohol (consum ing more 
than six glasses o f alcohol at least once a w eek) decreased with approxim ately 0.5 percent 
per year between 2000 en 2005 (CBS, 2006). An alternative hypothesis refers to the effect 
tha t adolescent alcohol use may exert on parents. It m ight be tha t when adolescents start 
drinking on a more or less regular basis, th is affects parents who in turn increase their 
alcohol consumption.
2 To exam ine w hether the differing results were due to the current m easurem ent o f alcohol 
problem s we adjusted the thresholds to create a more 'extrem e' group o f problem  drinkers 
(score > 4). However, subsequently carried out new analyses did not show significantly 
s tronger effects when com pared to the earlie r analyses. As such we did not change our 
initial thresholds.
A ppendix. M eans (Standard  D eviations) o f  Paren tin g  fro m  th e  P ersp ectiv e  o f 
Younger and Older A d o lescen ts  o v e r  Fath ers and M others a t  Tim e 1 (Ti), Tim e 2 (T2), and Tim e 3  (T3)
Fathers Mothers
T1 T2 T3 T1 T2 T3
Permissiveness Younger adolescent 1.95 2.45 2.88 1.95 2.45 2.88
(.80) (.86) (.90) (.80) (.86) (.90)
Permissiveness Older adolescent 2.74 3.29 3.56 2.74 3.29 3.56
(94) (.87) (.82) (.94) (.87) (.82)
Alcohol-specific Control Younger adolescent 3.07 2.91 2.64 3.28 3.15 2.90
(103) (1.04) (.95) (.93) (.93) (.91)
Alcohol-specific control Older adolescent 2.66 2.37 2.10 2.93 2.67 2.35
(102) (.90) (.83) (.96) (.87) (.80)
Behavioral Control Younger Adolescent 3.72 3.57 3.45 4.08 4.02 3.91
(.89) (.95) (90) (.66) (.73) (.75)
Behavioral Control Older Adolescent 3.47 3.28 2.94 4.00 3.75 3.38
(.99) (.98) (.98) (.76) (.83) (.91)
Support Younger Adolescent 3.95 3.85 3.87 4.12 4.08 4.06
(.48) (.52) (.54) (.40) (.44) (.47)
Support Older Adolescent 3.93 3.89 3.86 4.12 4.09 4.07
(53) (.53) (.52) (.41) (.43) (41)
Note: Values represent means. Standard deviations are between brackets. All scales range from 1 (least ‘permissive’) 
to 5 (most ‘permissive’).
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should always be drunk)
*  4  ♦
From Le Spleen de Paris by Charles Baudelaire (published postuum  in 1869)
CHAPTER 3
Romantic relationships 
and adolescent alcohol use
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ABSTRACT
Remarkably, little attention has been paid to the role o f in tim ate p artn ers and th eir drinking 
behavior in relation to adolescent alcohol use. In the cu rren t study, we exam ined associations 
between adolescent alcohol use and rom antic partn ers' drinking behavior. A total o f 428 
fam ilies, consisting o f both parents and two adolescents (aged 13.4  and 15.2 a t  Time 1) 
p artic ipated  in a prospective study with fo ur annual waves. Correlations and m ultivariate 
regressions were used to exam ine (1) sim ilarity in drinking behaviors o f adolescents and 
intim ate partn ers, (2) w hether alcohol use o f p artn ers prospectively predicts adolescent 
alcohol consum ption, and (3) w hether adolescents who consum e alcohol se le c t  p artn ers 
over tim e who show sim ilar drinking behaviors. Results showed th at: (1) Frequency o f alcohol 
consum ption o f adolescents and o f th e ir rom antic p artn ers correlated  significantly.(2) Alcohol 
use o f p artn ers was not predictive o f adolescent alcohol consumption over tim e, i f  previous 
levels o f alcohol consumption were taken into account. (3) Adolescents acquired p artn ers 
with sim ilar drinking behaviors. Gender e ffe c ts  were found; adolescent girls, but not boys, 
were more likely to becom e involved with p artn ers who also frequently consum ed alcohol. 
Regarding alcohol consum ption, adolescents and th eir intim ate p artn ers were relatively 
sim ilar in alcohol use. This resem blance is b est explained by adolescents' selection o f future 
p a rtn er on the basis o f alcohol consum ption. Less indication was found fo r influence e ffects, 
perhaps due to the tran sien t nature o f m ost adolescent rom antic relationships.
INTRODUCTION
In m ost W estern societies, adolescence is an im portant period in life; one in which 
identities are form ed and the capacity to form  intim ate relations is developed (Erikson, 
1968). W hile children focus on relationships w ith parents and sam e-sex peers to fulfill their 
prim ary needs such as closeness and trust, adolescents shift the ir attention to peer groups 
and rom antic partners. It is the period in which youngsters start to display interest in dating 
and sexual experiences (Z im m er-G em beck, 2002), w ith rom antic partners generally 
becom ing a central aspect o f the ir lives (Furman, 2002). Adolescents spend a lot o f time 
w ith the ir rom antic partners, go out to bars and clubs together, and interact more with their 
partners than w ith parents or friends (Laurens & W illiam s, 1997). In addition, partners form 
an im portant source o f support for adolescents (Furm an & Buhrmester, 1992).
Adolescence is also a period o f experim enting w ith risk behaviors, such as using 
alcohol. A lcohol consum ption has become quite com m on among youngsters in most 
W estern societies. A  Dutch nation-w ide study showed tha t alm ost 90%  o f 12 to 15-year- 
old adolescents had tried alcohol at least once, and tha t the frequency and quantity of 
alcohol consum ption increased w ith age, until the age o f 25 (Poelen et al., 2005). In 
addition, over ha lf o f Dutch adolescents (58% ) has consum ed alcohol in the previous 
month (National Drugs Monitor, 2004) and 34% reports binge drinking during two previous 
weeks (M onshouw er et al., 2003). In the search fo r socia l-environm ental factors that 
may affect adolescent drinking, it was shown that both friends' and parents' drinking 
patterns are im portant in the in itiation and persistence o f adolescent alcohol use (Sher, 
1991; Swadi, 1999; Urberg et al., 1997). S ince rom antic relations are highly im portant
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in adolescents' lives (Bouchey & Furman, 2003) it seems likely that partners will affect 
adolescent alcohol use as well. Studies on the relationships between alcohol consumption 
of romantic partners and adolescent drinking behavior, however, are scarce, and a number 
of important issues have remained unaddressed.
To begin with, whether adolescents and their partners actually resemble each other in 
drinking behavior1 is unknown. Studies on married adult couples show that consumption 
patterns of substance use tend to be similar for partners (mate correlation: Graham & 
Braun, 1999; Hall et al., 1983; Low et al., 2007; Reynolds et al., 2006; Vanyukov et al.,
1996). This resemblance in drinking behavior of adult partners could mainly stem from two 
processes: the direct influence of the partner's behavior (reciprocal spousal interaction 
effects), and the selection of a partner with similar phenotypic traits (assortative mating)2. 
Several studies have shown that once adults get married, they drink less alcohol than 
single or divorced persons (Curran et al., 1998; Poelen et al., 2007; Temple et al., 1991). 
These associations were found in adults, but may also hold for adolescents. Indeed, Engels 
and Knibbe (2000) showed that once male, but not female, adolescents become involved 
in a steady relationship, they will drink less than males without a partner, indicating that 
involvement in a relationship decreases alcohol use of adults and (male) adolescents. 
These studies did not inform us, however, on the effects of the partner's alcohol use on 
adolescent drinking. Studies examining reciprocal influence effects between partners' 
alcohol consumption revealed that partners also affect each other's alcohol use through 
their own drinking behaviors (Demers et al., 1999; Leonard & Das Eiden, 1999; Leonard & 
Mudar, 2004). In addition, assortative mating (“ like marries like”) seems to be an etiological 
factor for adult spouse similarities in alcohol dependence (Agrawal et al., 2006; Grant et 
al., 2007; Kendler et al., 1994; Maes et al., 1998). For example, Agrawal and colleagues 
(2006) found that adult women who regularly used alcohol were more likely to marry men 
with similar behavioral patterns. Regarding adolescents, it is conceivable that they also 
select their intimate partners on the basis of common values, personality dynamics, and 
common life orientations (Ennett & Bauman, 1994; Jaccard et al., 2005). The consumption 
of alcohol and the activities that go along with drinking, such as spending time in ‘wet’ 
places (i.e. bars, pubs, clubs) may be part of these common life orientations on which 
adolescents select their partners. Given the finding that more than half (58%) of the young 
adults under 30 years meet their partner while they are going out or while visiting friends 
(CBS, 2003), it seems plausible that adolescents select partners with similar drinking 
habits. However, research examining influence or selection effects among adolescents 
and their romantic partners is lacking.
From the existing literature it is not quite clear whether influence or selection effects 
differ for men and women. Some have proposed that problem behavior in girls is more 
frequently determined by and dependent on their partner's problem behavior than vice 
versa (Jaccard et al., 2005). Studies on adults showed that the direction of effects in 
drinking patterns was often from husband to wife (Demers et al., 1999; Leonard & Das 
Eiden, 1999), while others did not find differences between men and women (Grant et al.,
2007). As men drink consistently more alcohol than women (Poelen et al., 2005) we will 
examine, on an explorative basis due to the paucity of results in adolescents, the role of 
sex in associations between alcohol use of adolescents and their partners.
In the current study we will examine (1) whether alcohol consumption of adolescents 
is associated with drinking behaviors of their romantic partners, (2) whether alcohol 
consumption of the partner affects adolescent drinking behavior over time, and (3) whether 
adolescents select their partners (partly) based on alcohol consumption. We expect that
(1) adolescents and partners will be highly similar in their drinking behaviors and that
(2) alcohol consumption of the partner will affect adolescent alcohol use over time. We 
also hypothesize that (3) alcohol consumption patterns of the potential partner will be a 
selection criterion for adolescents.
METHOD
Procedure
In 2002-2003 (T1) 428 Dutch families were recruited to participate in a longitudinal 
survey with annual waves (for details on sample selection see Harakeh et al., 2007 or Van 
der Vorst et al., 2005). Via municipality registers throughout the Netherlands 5602 families 
with at least two adolescents in the age range of 13 to 16 years were approached. A total 
of 885 families agreed to participate. Families were included if the parents were married or 
living together, and if all family members were biologically related. If there were more than
2 adolescents between 13 and 16 years old in one family, the family members themselves 
decided who was going to participate in the study. Families with adolescent twins, or 
mentally or physically disabled adolescents were excluded. In addition, we aimed at an 
equal number of sibling dyads (boy-boy, girl-girl, boy-girl, girl-boy), which resulted in a total 
of 428 participating families. Over time, numbers of dropout families were low, with 416 
(97%), 404 (94%), and 347 (81%) families participating in waves two (T2), three (T3), and 
four (T4) respectively. Attrition analyses were conducted to examine whether adolescents 
who participated in all four waves differed from those who were not involved in the second, 
third or fourth wave. T-tests showed no significant differences (p > .05) in alcohol use, 
sex, or age between the younger adolescent dropouts (N = 88) and participants (N = 
340). Regarding the older adolescents, no significant differences were found in sex or 
age between dropouts (N = 86) and respondents (N = 342). However, older adolescent 
dropouts consumed significantly more often alcohol on T1 than the respondents (t(426) = 
-2.04, p = .04).
In the physical presence of a trained interviewer, all family members separately filled 
in the questionnaires at home. The interviewer was instructed to not explain questions or 
actually interview the family members, but made sure that the participants did not consult 
each other and that questions and answers were not discussed during the questionnaire 
completion. Each family received 30 Euros per wave when every family member had 
completed the questionnaire. Approval on data collection was obtained from the Central 
Committee on Research Involving Human Subjects in the Netherlands.
Sample characteristics
The families consisted of father, mother, and two adolescents. Regarding the sex of 
the adolescents we obtained an equal distribution; 53% of the younger siblings3, and 47% 
of the older siblings were girls at T1. Mean age was 13.4 (SD = .50; ranging from 14 
to 17 years) for the younger and 15.2 (SD = .60; ranging from 13 to 15 years) for the
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older adolescents at T1. Fathers' ages ranged between 37 and 62 (M = 46.2, SD = 4.00), 
and mothers were between 35 and 56 years old (M = 43.8, SD = 3.57). The majority of 
participants were of Dutch (Caucasian) origin (> 95%). At T1, a third of the adolescents 
followed lower general secondary education, a third followed higher general secondary 
education, and a third followed college-preparatory secondary education. The different 
levels of the Dutch secondary school system are comparable with the different tracks 
within a middle class public high school in the USA.
Measures
Adolescents', siblings', and parental alcohol use were measured by self-reports with 
identical measures at each wave. Adolescents also reported whether or not they were 
involved in a romantic relationship and on alcohol consumption of their partner and best 
friend.
Alcohol use. Adolescents were asked how often they had consumed alcohol in the past 
4 weeks (Engels & Knibbe, 2000). Frequency of alcohol use was measured on a 6-point 
scale (1 ‘did not drink any alcohol in the past 4 weeks', 2 ‘drank alcohol at 1 to 3 days in 
the past 4 weeks, 3 ‘drank alcohol at 1 to 2 days per week, 4 ‘drank alcohol at 3 to 4 days 
per week', 5 ‘drank alcohol at 5 to 6 days per week, 6 ‘drank alcohol every day in the past
4 weeks'). As such, frequency of adolescent alcohol was self-reported and measured from 
the perspective of the adolescent.
Romantic partner. Adolescent involvement in a romantic relationship was assessed with 
the question: 'At this moment, are you going steady with someone, or are you having a 
steady relationship?' which could be answered with 1 ‘no', or 2 ‘yes.' Interpretations of 
‘going steady' or ‘having a steady relationship' were left to the adolescent's perspective as 
there was no addition clarification given.
Partner and best friend's alcohol use. Both younger and older adolescents answered the 
question on the frequency of their partner's and their best friend's alcohol consumption in 
the past 4 weeks. Answers on a 6-point scale ranged from 1 ‘has not been drinking' to 6 
'every day' (Engels & Knibbe, 2000).
Parents' and siblings' alcohol use. Because of the full-family design of our study we were 
able to use self-reports of the siblings and of the parents on their alcohol use. Mothers, 
fathers, and siblings reported individually on the item measuring the frequency of alcohol 
use in the past 4 weeks on a 6-point scale. Answer categories ranged from 1 ‘have not 
been drinking' to 6 ‘every day'.
Adolescent problem drinking. Adolescent problem drinking was measured with the Rutgers1 
Alcohol Problem Index (RAPI; White & Labouvie, 2000) which assesses problematic 
situations that are related to alcohol use. The scale consists of 18 items. Examples of items 
are: 'You went to school or to work while you were still under the influence of alcohol', 'You 
were unable to do your homework because you had consumed alcohol', and 'You acted 
unkind or got involved in a fight because you had consumed alcohol'. Responses were 
given on a 5-point scale ranging from 1 ‘never' to 5 ‘very often'. Over the three waves 
Cronbach's alphas were between .72 and .87 for both younger and older adolescents.
Statistical Analyses
Descriptive statistics and Pearson correlation coefficients were determined with SPSS-
14. With General Linear Modeling repeated measures it was tested whether adolescent 
alcohol use differed significantly over time. Since involvement in a romantic relationship 
is a dichotomous variable, Cochran's Q was used as a non-parametric alternative for 
the repeated measures analyses (Field, 2005). Because the adolescents' partners were 
not necessarily the same partners over time, we could not examine whether partner's 
frequency of drinking changed over time. First, because the younger and older siblings 
differ on average almost 2 years in age (M .. . = 13.4, M .. .. . = 15.2),
°  J  a  \  age younger adolescents ’ age older adolescents /1
which puts them into two different developmental stages (early adolescence and middle 
adolescence; see Steinberg, 1993), the analyses were carried out for younger and older 
adolescents separately, in SPSS (see below). Second, the two groups were merged into 
one group of adolescents. Because the two siblings are part of the same family their data 
are statistically dependent, or nested. Therefore, the analyses for the merged group of 
adolescents were carried out in Mplus, in which it is possible to control for dependence 
of the data (TYPE=COMPLEX procedure, in combination with the CLUSTER command: 
Muthen & Muthen, 1998-2006). In this procedure all adolescents were collapsed into 
one group. Standard errors of the parameter estimates were corrected for dependency, 
resulting in unbiased estimates (see e.g., De Leeuw et al., 2008). No model fit indices 
were obtained as we tested a saturated path model.
(1) Pearson correlations were used to examine cross-sectional and bivariate 
correspondence in drinking behaviors between adolescents and partners. With hierarchical 
multiple regression analyses for the separate groups of adolescents and path analyses 
for the total group of adolescents we tested whether (2) partner's alcohol use predicted 
adolescent's drinking behavior over time. To control for alcohol use in the social environment 
of the adolescent and to make sure that partner effects could be solely attributed to alcohol 
use of the partner, alcohol consumption of parents, sibling, and best friend were also 
included in the first step of the regression analyses and the path analyses. The interaction 
between alcohol use of the partner and sex of the adolescent (1 = boy, 2 = girl) was entered 
in the second step. Interaction terms were computed as the product of the partner's alcohol 
use and sex of the adolescent after centering both variables to prevent multicollinearity 
(Jaccard et al., 1990b). Additionally, to examine whether comparable developments would 
occur in more problematic, abusive adolescent alcohol use similar regression analyses and 
path analyses were carried out with adolescent problem drinking as dependent variable.
(3) To examine whether adolescent alcohol use resulted in involvement with an alcohol 
consuming intimate partner over time, we created a separate group of adolescents who 
did not have a partner at T1, but were involved in a romantic relationship one year later. A 
similar procedure was applied for subsequent waves. With hierarchical multiple regression 
analyses, we examined whether adolescents selected their partners based on similarity 
in alcohol consumption over time (see e.g., Urberg et al., 2003 for similar procedures). 
As such it was tested whether adolescents who were not involved with a partner at T1 
acquired a partner at T2 (partly) based on similarities in their alcohol consumption, which 
implies selection (Urberg et al., 2003). This procedure was repeated for waves 2, 3, and 
4. As such, whether adolescent alcohol use resulted in involvement with a partner who 
drinks alcohol was analyzed year by year. We again controlled for alcohol use in the social 
environment of the adolescent by including parental, sibling's and best friend's alcohol use
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3 in the hierarchical multiple regression analyses and in the path analyses. The interactions between sex of the adolescent and adolescent alcohol use was entered in the second 
step. Similar analyses were carried out for adolescent problem drinking.
RESULTS
Descriptives
Descriptives on the distribution of the response categories of frequency of alcohol 
consumption are depicted in Table 1. Descriptives on frequencies of both adolescent 
alcohol consumption and partner's alcohol use are shown in Table 2. Both older and 
younger adolescents increased their frequency of alcohol consumption significantly 
over time, as was tested with general linear modeling (for the older adolescent F(3, 322) 
= 46.09, p < .001, Partial Eta Squared = .30; for the younger adolescent: F(3, 320) = 
95.26, p < .001, Partial Eta Squared = .47). Within subjects contrasts showed significant 
differences between T1 and T2, T2 and T3, and T3 and T4 for both older and younger 
siblings (p < .01). Because adolescents' partners at T1 were not necessarily the same 
partners at subsequent waves, we could not examine whether the partner's frequency of 
drinking changed over time. Older adolescents reported significantly more alcohol than 
younger adolescents at all three time points (T1, T2, T3: p < .001; T4: p < .05).
At T1, 60 younger adolescents (14%) had partners. Romantic involvement for the 
younger adolescents increased significantly over time, with 63 adolescents (15%) at T2, 
96 adolescents (22%) at T3, and 110 adolescents (26%) at T4 reporting to be romantically 
involved (Cochran's Q (309, 3) = 74.45, p < .001). Regarding the older adolescents, 89 
participants (21%) were involved in a steady relationship at T1. The number of romances 
increased significantly over time, to 118 (28%) at T2, 145 (34%) at T3, and 156 (36%) at 
T4 (Cochran's Q (312, 3) = 65.32, p < .001).
Table 1. Descriptives on Frequency of Alcohol Use of Adolescents and their Romantic Partners
T1 T2 T3 T4
M SD M SD M SD M SD
Older adolescent 1.99a 1.05 2.29b 1 . 0 2 2.42c .99 2.78d 1 . 1 2
Younger adolescent 1.32s .99
hb(£ .98 1.96c 1 . 0 2 2.58d 1.16
Partner o lder adolescent 2.42 1.07 2.31 .84 2.41 . 8 6 2.74 1.07
Partner younger adolescent 1.98 .93 2.35 .94 2.47 .96 2.62 1.08
Note: Frequency of adolescent alcohol use increased significantly over time, with means in the same row that do not 
share superscripts (a, b, c, d) being significantly different (p < .0 1 ).
Table 2. Distribution of Frequency of Alcohol Use in the Past 4 Weeks
Younger Adolescents O lder Adolescents
T1 T2 T3 T4 T1 T2 T3 T4
1. Did not drink any 241 159 114 46 1 2 1 71 55 41
alcohol (56.3%) (37.1%) (26.6%) (10.7%) (28.3) (16.6%) (12.9%) (9.6%)
2. Drank alcohol at 139 178 169 1 1 0 157 158 132 8 8
1 to 3 days (2 0 .6 %) (41.6%) (39.5%) (25.7%) (36.7%) (36.9%) (30.8%) (2 0 .6 %)
3. Drank alcohol at 36 65 103 1 2 2 123 145 169 1 2 1
1 to 2  days (8.4%) (15.2%) (24.1%) (28.5%) (28.7%) (33.9%) (39.5%) (28.3%)
4. Drank alcohol at 8 11 9 42 2 2 35 37 73
3 to 4 days (1.9%) (2 .6 %) (2 .1 %) (9.8%) (5.1 %) (8 .2 %) (8 .6 %) (17.1%)
5. Drank alcohol at 1 2 6 11 3 2 7 14
5 to 6  days (0 .2 %) (0.5%) (1.4%) (2 .6 %) (0.7%) (0.5%) (1.7%) (3.3%)
6 . D rank alcohol 
every day
-- -- -- 6
(1.4%)
2
(0.5%)
-- -- 1
(0 .2 %)
Note: Percentages do not add up to one hundred because of missing values.
Correlations
Pearson correlations were used to assess relative cross-sectional similarity1 in drinking 
behaviors between adolescents and intimate partners (hypothesis 1) and are shown in 
Table 3. It was found that the frequencies of both older and younger adolescents' alcohol 
use were strongly associated with the drinking frequencies of their partners (for the older 
adolescents: .41 < r < .44, p < .001; for the younger adolescents: .44 < r < .50, p < .001). 
Also for the total group of adolescents, alcohol use was significantly correlated with their 
partners' alcohol use (.44 < r < .48, p < .001). Since the number of adolescents with a 
romantic partner fluctuated over time, correlations for the separate groups in Table 3 were 
based on variable group sizes.
Partners' alcohol use as prospective predictor for adolescents' alcohol use and problem drinking
With the exception of the correlations between partners' alcohol use at T3 and alcohol 
use of the older adolescents at T4 (r = .11, n.s., see Table 3), bivariate correlations 
between alcohol use of the partner and adolescent alcohol use at a subsequent wave were 
positive and significant (.28 < r < .34, p < .05). This was also the case in the total group of 
adolescents (.27 < r < .48, p < .001), indicating positive relations between partners' and 
adolescents' alcohol use over time (hypothesis 2).
To further test whether frequency of alcohol use of the partner predicted younger and 
older adolescent alcohol use over time, we conducted hierarchical multivariate regression 
analyses in SPSS and path analyses in Mplus. Results are depicted in Table 4 and show 
that in general both for the separate younger and older adolescent groups as well as 
for the total group of adolescents, alcohol use of the partner did not significantly predict 
adolescent alcohol use over time, if prior levels of adolescent alcohol use were taken into 
account. Alcohol use of both parents was in general also not prospectively associated 
with adolescent alcohol use. Alcohol use of the best friend was marginally significantly 
related to later adolescent alcohol use for the older adolescent and the total group 
of adolescents from T1 to T2, and for the younger adolescents and the total group of 
adolescents from T3 to T4. For the older adolescents alcohol use of their younger sibling
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3 was significantly associated with later adolescent alcohol consumption from T2 to T3. In turn, the older siblings affected the younger adolescents' alcohol use from T1 to T2. The 
interactions between alcohol use of the partner and sex of the adolescent were in general 
not significantly associated with adolescent alcohol use.
To examine whether results would differ for adolescents who reported signs of 
problem drinking, similar regression and path analyses were carried out. However, we 
used adolescent problem drinking instead of adolescent frequency of alcohol consumption 
as dependent variable. Results did not show significant associations between partner's 
alcohol use and later adolescent problem drinking, neither in the separate groups of 
adolescents nor in the total group of adolescents (-.10 < p < .05, n.s.). Only for the younger 
adolescents the interaction between partners' drinking and sex of the adolescent was 
significant (p = -.28, p < .01), indicating that boys, but not girls with heavy drinking partners 
showed higher levels of problem drinking.
Table 3. Correlations between Frequency of Adolescents' and Partners' Alcohol Use
1 2 3 4 5 6 7 8
1. Adolescent T1 .44*** .51*** .33* .35*** .31** .14** .0 1
2. Partner T1 .41*** .34** .56** .32* .59** -.03 .31
3. Adolescent T2 .39*** .32** .50*** .44*** .2 1 * .19*** .2 0 *
4. Partner T2 .33*** .47** .41*** .28* .50** .0 1 - . 0 2
5. Adolescent T3 .35*** .32** .54*** .30** .45*** .36*** .31**
6 . Partner T3 .1 1 .27 .35*** .50*** .43*** .28** .35**
7. Adolescent T4 .16** .04 .31*** .15 .36*** .1 1 .48***
8 . Partner T4 .1 1 .31* .17* .46*** .29*** .41*** .44***
1. Adolescent T1
2. Partner T1 .47***
3. Adolescent T2 .52*** .32***
4. Partner T2 .34*** .55*** .45***
5. Adolescent T3 .4 4 **« .30*** .54*** .27***
6 .  Partner T3 .2 0 ** .31** .30*** .62*** .44***
7. Adolescent T4 .31*** .2 2 ** .34*** . 1 0 .50*** .48***
8 .  Partner T4 .1 0 .39*** .18** .29*** .32*** .37*** .48***
Note. T1 = Time 1, T2 = Time 2, T3 = Time 3, T4 = Time 4. Correlations based on the reports of the older adolescents
(44 < N < 428) are below the diagonal in the top section. Correlations based on the reports o f the younger adolescents 
(21 < N < 425) are above the diagonal in the top section. Correlations based on the total group o f adolescents are 
depicted in the lower section. * p < .05, ** p < .01, *** p < .001.
Table 4. Prospective Relations
between Partner's Alcohol Consumption and Adolescent Alcohol Use: Influence Processes
T1 --> T2 
Alcohol use adolescent
T2 -- > T3 
Alcohol use adolescent
T3 -- > T4 
Alcohol use adolescent
O lder adolescent N = 80
&&IIN 8
IIN
A lcohol use adolescent .32* .51*** .45***
A lcohol use partner - . 0 1 .15 . 0 2
Alcohol use m other .04 .06 . 0 2
Alcohol use father .18 -.04 . 1 2
Alcohol best friend .26ï - . 1 0 .06
A lcohol use younger sibling -.06 .31*** . 1 0
Sex
(b
.2 - . 1 0 - . 1 2
Sex x A lcohol use partner .18t . 1 0 -.09
Younger adolescent N = 57 N = 54 47=N
A lcohol use adolescent .25 .34* .38**
A lcohol use partner .24 . 2 0 .04
A lcohol use m other -.09 .09 .08
A lcohol use father .23t . 1 0 . 1 0
Alcohol best friend - .1 1 - . 1 0 .2 2 t
A lcohol use older sibling .25t -.03 .0 1
Sex .16 - . 2 1 -.06
Sex x A lcohol use partner -.14 - . 2 0 .05
Total group o f adolescents N = 856 N = 856 N = 856
A lcohol use adolescent .39*** .42*** .40***
A lcohol use partner .09 .18t - . 0 2
Alcohol use m other .06 .1 0 ** .0 1
Alcohol use father .05 .0 1 .09*
A lcohol best friend .1 1 t . 0 2 .14**
Sex -.08* -.15** - .1 1 *
Sex x A lcohol use partner . 0 0 - . 1 2 - . 2 1
Note. Values in table represent standardized regression coefficients (beta’s). Interaction term s were entered in step 
two of the regression analyses. 1 p < .10, * p < .05, ** p < .01, *** p < .001.
Acquiring an alcohol-using partner
Significant bivariate correlations between adolescents’ and partners’ alcohol use one 
year later indicated positive relations between adolescent drinking and partner's alcohol 
use over time (.21 < r < .35, p < .05, see Table 3).
Frequency of alcohol use of the older adolescent significantly predicted frequency of 
alcohol use of the older adolescent's partner over time, indicating that older adolescents 
may have acquired their partners partly on drinking behavior (see Table 5). This result was 
also found for younger adolescents, but only between T1 and T2. For the total group of 
adolescents, frequency of adolescent alcohol use significantly predicted partners’ alcohol 
consumption between T2 and T3, and between T3 and T4. Parental alcohol use and 
siblings’ alcohol use were in general not significantly associated with later alcohol use of
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the partner. Best friend’s alcohol consumption was significantly associated with partner’s 
alcohol use for the older adolescents from T1 to T2, and for the younger adolescents 
from T3 to T4. In the total group of adolescents, best friend’s drinking was significantly 
associated with partner's alcohol consumption over time at all waves.
Sex was also a significant predictor for partner alcohol use, with girls being more likely 
to select an alcohol-consuming partner than boys. Interaction effects between adolescent 
sex and adolescent alcohol use on partner’s alcohol use were significant for the older 
adolescents from T2 to T3, and from T3 to T4, and for the total group of adolescents 
from T3 to T4, but not for the younger adolescents at all time points and for the older 
adolescents from T1 to T2. The significant interaction effects indicated that girls, but not 
boys, who frequently drank alcohol became involved with partners who also frequently 
consumed alcohol.
Again we carried out similar regression and path analyses, but with adolescent 
problem drinking as a predictor to examine whether results would differ for individuals who 
scored high on problem drinking. Results did not show significant associations between 
adolescent problem drinking and partner's alcohol use over time neither in the separate 
groups of adolescents nor in the total group (-.02 < p < .17, n.s.). For the total group and 
for the younger adolescents, the interaction between partners’ drinking and sex of the 
adolescent was significant (p = .16, p < .10 and p = .25, p < .05 respectively), indicating 
that girls high on problem drinking were more likely to become involved with a heavy 
drinking partner than boys.
Additional analyses: Involvement in a romantic relationship
Because several studies showed that adults and adolescents with steady relationships 
drink less alcohol than single or divorced persons (Curran et al., 1998; Engels & Knibbe, 
2000; Prescott & Kendler, 2001; Temple et al., 1991), we also tested whether involvement 
in romantic relationships was associated with adolescent alcohol use over time. Results 
are depicted in the Appendix, and show that involvement with a romantic partner was not 
prospectively associated with alcohol use, in neither older or younger adolescents, nor 
in the total group of adolescents. Sex was a significant predictor, with boys consuming 
alcohol significantly more frequent than girls. Further, the interactions between sex of 
adolescent and partner involvement were not significantly associated with adolescent 
alcohol use over time.
Discussion
The current study examined the relationships between adolescent alcohol use and 
romantic partner’s alcohol consumption. The first main finding showed that, despite the 
stable systematic differences in alcohol use between Dutch boys and girls (Poelen et al.,
2005), adolescents and their intimate partners were relatively similar in their frequency of 
alcohol use. This is consistent with the literature on adults reporting relative similarities in 
drinking between spouses (e.g., Hall et al., 1983; Kendler et al., 1994; Vanyukov et al.,
1996). The resemblance of romantic partners in drinking behavior could basically stem 
from two processes; reciprocal influence processes or selection processes (assortative 
mating).
Our analyses found less support for the influence hypothesis than for the selection
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Table 5. Prospective Relations 
between Adolescent Alcohol Use and Later Partner's Alcohol Use: Selection Processes
T1 --> T2 
Alcohol use partner
T2 --> T3 
Alcohol use partner
T3 --> T4 
Alcohol use partner
O lder adolescent
LOooilz oooilN
CO
8
IIN
A lcohol use adolescent .27* .32** .33*
Alcohol use mother .2 0 ' - . 1 2 .03
Alcohol use father .13 .0 1 -.07
Alcohol use best friend .19' .17 -.06
Alcohol use younger sibling .16 .19' . 1 2
Sex .15 .2 2 * .33**
Sex x A lcohol use adolescent - . 0 0 .18' .26*
Younger adolescent N = 55
ooo=N
&(O=N
A lcohol use adolescent .29* .0 1 .15
A lcohol use mother - . 0 0 .0 2 .0 2
Alcohol use father .06 .25* .16
A lcohol use best friend .13 .16 .29*
Alcohol use older sibling .04 .07 - . 0 2
Sex .48*** .36** .42***
Sex x A lcohol use adolescent - . 0 1 - . 0 2 . 2 0
Total group o f adolescents
&
=N N = 181 N = 241
A lcohol use adolescent .17 .25** .26**
A lcohol use mother .05 .06 .1 0 '
A lcohol use father . 0 0 .03 .03
A lcohol use best friend .51*** .41*** .34***
Sex .27*** .42*** .36***
Sex x A lcohol use adolescent .27 .31 .57*
Note. Values represent standardized regression coefficients (beta’s). Interaction term s were entered in step two of 
the regression analyses. f  p < .10, * p < .05, ** p < .01.
hypothesis. Partner's alcohol use did not affect later adolescent alcohol use, if prior 
adolescent alcohol use was taken into account. This may be explained by the fact that 
most adolescent relationships are rather short-lived (Connolly & Johnson, 1996; Feiring, 
1996; Zimmer-Gembeck, 1999), implicating that if influence effects regarding alcohol use 
do take place between adolescents, a yearly interval might be too long to measure these 
effects. Zimmer-Gembeck (1999) demonstrated that in her sample of American 18-year- 
old females the average length of a steady relation was 8.6 months. In addition, Canadian 
15-year-olds had romantic partners for on average 4 months (Feiring, 1996). Another 
explanation refers to the fact that adolescents often consume alcohol in peer groups. 
It might be that the partner is not part of the group in which the adolescent regularly 
drinks alcohol, thus, adolescents and partners do not frequently consume alcohol in each 
other's company. It may also be that, in case the partner is part of the peer group, the 
influence of the partner merges with the group effects. Overbeek and coworkers (2011) 
showed with observational data that only group effects (i.e., average group levels of
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alcohol consumption) and not best friend’s alcohol use explained young adults’ drinking 
behavior. This group effect may also explain the non-significant and marginal effects that 
respectively parents and best friends exerted on adolescent alcohol use. It is important to 
note that although partners' alcohol use did not prospectively predict adolescents' alcohol 
consumption, there might be subtle influence effects that were not measured. Perhaps 
most influence processes do not carry on over a long period of time, but occur more directly, 
for example if one directly models (imitates) the alcohol consumption of a drinking partner 
(Bot et al., 2007). Observation and diary studies may be suitable to assess influence or 
modeling effects in drinking situations directly (see e.g., Quigley & Collins, 1999).
Our third main finding provided support for the hypothesis that adolescents acquired 
their partners partly based on similarities in drinking behavior. This finding concurs with 
those in the adult literature, showing that assortative mating significantly augmented 
spousal similarity (Agrawal et al., 2006; Kendler et al., 1994; Maes et al., 1997). Grant 
and colleagues (Grant et al., 2007) even showed that assortative mating amplified spouse 
similarity, while spousal interaction influences decreased similarity if assortative mating 
was taken into account. Our study demonstrates that assortative mating already occurs 
at a young age in adolescence and drinking behaviors play a role in the processes of 
acquiring a partner. In addition, this process will also be context-based, since 80% of 
adolescent alcohol consumption takes place outdoors in wet settings such as bars, clubs 
or parties (Engels et al., 1999c), where there is a reasonable chance they will also meet 
a partner. We also found a small interaction effect with sex, indicating that the girls, who 
drank more often than other girls, chose partners who consumed alcohol more frequently. 
This effect was not found for boys. A speculative explanation is that for boys it is more 
socially accepted than for girls to consume large amounts of alcohol. It might even make 
boys look 'tough', while girls might not be considered 'charming' when drinking large 
amounts of alcohol, deeming them less attractive (e.g., Huselid & Cooper, 1992).
Adolescent’s problem drinking was not significantly associated with their partner’s 
alcohol use over time. Also, partners’ alcohol use did not significantly influence adolescents’ 
problem drinking over time. The lack of effects might be due to the low prevalence of 
problem drinking in our sample. However, romantic partner, family, and peer behaviors, 
such as their alcohol consumption, may be especially important with regard to excessive 
alcohol use (e.g., Chassin et al., 1996; Sher et al., 1991). As such, future studies should 
focus on a subgroup of heavy drinking adolescents/ young adults who might acquire and 
become affected by a heavy drinking partner, making them at risk for alcohol abuse later 
in life.
Alcohol use of both mothers and fathers was in general not prospectively related to 
adolescent drinking. Best friend’s alcohol consumption was associated with alcohol use 
of both adolescents and partners, but only if they were around 15 to 16 years, implicating 
that in this specific group of adolescents with a romantic partner, friends’ behavior is most 
important at this age (Furman & Buhrmester, 1992).
Limitations
Our study is the first to examine associations between adolescent alcohol use and 
drinking behaviors of the romantic partners with a four-wave longitudinal design. However, 
there are some limitations that need to be addressed. First, although we used self-reports
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of adolescents and parental alcohol use, assessments of drinking by best friends and 
partners were based on the adolescents' perceptions. It has been questioned whether 
adolescents can accurately report on their friends’ alcohol use (Bauman & Ennett, 1996). 
Recent studies have shown that adolescents are fairly accurate in estimating their best 
friend’s alcohol use (Poelen et al., 2007) and smoking (Harakeh et al., 2005). Because 
adolescents interact even more with intimate partners than with friends (Laurens & Williams,
1997), the assessments of their partner's alcohol use might be even more precise than 
the estimations of their friends' alcohol consumption. Similarly, we only used adolescent 
self-reports to assess adolescent alcohol use, which may cause aspects related to social 
desirability, such as over- or underreporting, to play a role (Offer et al., 2000). Others have 
suggested the use of collateral (parent) reports to validate the accuracy of adolescents' 
self-reports (Connors & Maisto, 2003). However, a recent study has shown that parents 
are not very accurate in estimating their children's alcohol consumption, especially when 
these children are still young and in the early phase of adolescence (Engels et al., 2007). 
In addition, we tried to minimize reporting bias by ensuring anonymity and making sure 
that the questionnaires were filled out individually. Second, adolescents who are involved 
with a romantic partner form a highly specific sample, which implies that the results found 
in this study cannot be generalized to a population level. For example, female adolescents 
who start dating earlier than others may form a specific sub-sample of 'early maturers’ 
(Gargiulo et al., 1987), a group that may also start earlier with alcohol consumption (Ge 
et al., 2006). A third limitation is the possibility that a third variable explains both dating 
behavior and alcohol use. It may be that adolescents who are early maturers, who score 
high on sensation seeking, or who differ in other ways on personality variables, may 
start early both with dating and drinking alcohol on a relatively frequent basis. Future 
studies with larger sample sizes should examine the relationships between adolescent 
and romantic partner's alcohol use and personality factors. Fourth, the family members 
in our study were all biologically related, the parents were married or living together, and 
the vast majority of families were of Dutch origin. Step-families, single parent families, 
and non-Caucasian families were not represented, limiting the generalizability to the 
Dutch population as a whole. Regarding drinking behavior, however, levels of frequency 
of alcohol use in our sample were comparable to those in the Dutch adolescent population 
(National Drugs Monitor, 2004), enhancing possibilities to generalize our results to Dutch 
adolescents.
Taking these limitations into account, this study is one of the first to disentangle 
associations between alcohol use of romantic partners and adolescent alcohol use in 
a longitudinal design. Results indicate that partner's alcohol use is not associated with 
adolescent alcohol use over time, but adolescents acquire their romantic partners based 
on similarities in their drinking. This implies that partner selection processes, which have 
earlier been demonstrated in adults (see e.g., Grant et al., 2007), already occur at rather 
young ages, i.e. during adolescence and young adulthood.
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FOOTNOTES
1 Resemblance and similarity are in this context considered relative concepts, since 
females consume systematically less alcohol than males.
2 By mentioning these two processes, it is not intended to be exhaustive in potential 
processes underlying mate similarity. Other approaches have been mentioned, such as 
the social homogamy process (Reynolds et al., 2006) and the evolutionary psychology 
paradigm (Buss & Schmitt, 1993).
3 To describe the younger participating adolescent of the family the terms 'younger 
adolescent' and 'younger sibling' will be used interchangeably throughout this article. In 
a similar vein 'older adolescent' and 'older sibling' will both be used to denote the older 
participating sibling of the family.
Appendix.
Prospective Relationships between Involvement with a Romantic Partner and Adolescent Alcohol Use
T1 --> T2 
Alcohol use adolescent
T2 -- > T3 
A lcohol use adolescent
T3 -- > T4 
Alcohol use adolescent
Older adolescent N = 409 N = 395 N = 320
Alcohol use adolescent .48*** .60*** .56***
Partner involvement .03 .0 0 .07
Sex - .1 2 ** -.09* -.09 '
Sex x Partner involvement -.07 .0 2 - . 0 2
Younger adolescent N = 410 N = 396 N = 312
Alcohol use adolescent .55*** .56*** .50***
Partner involvement .03 - . 0 1 -.06
Sex .0 2 - .0 1 -.14**
Sex x Partner involvement .1 0 * -.05 .0 1
Total group of adolescents N = 856 N = 856 N = 856
Alcohol use adolescent .51*** .53*** .48***
Partner involvement .05 .0 1 .0 1
Sex -.06* -.08* -.13**
Sex x Partner involvement .0 2 -.07 -.08
Sex .27*** .42*** .36***
Sex x A lcohol use adolescent .27 .31 .57*
Note. Values represent standardized regression coefficients (beta’s). Interaction term s were entered in step two of 
the regression analyses. f  p < .10, * p < .05, ** p < .01, *** p < .001.
ROMANTIC RELATIONSHIPS A N D  A D O L E S C E N T  A L C O H O L  USE
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Jean Pierre Rawie in 'Intensive Care' (1982)
CHAPTER 4
Polymorphisms in the mu-opioid receptor 
gene (OPRM1) and alcohol dependence: A review
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ABSTRACT
Twin and adoption studies have shown that alcohol dependence contains a substantial 
genetic component. In attempts to identify the genetic factors involved, association studies 
have linked the opioid system to alcohol dependence, with a main focus on the OPRMi gene 
encoding the (j-opioid receptor. Our aim was to conduct a systematic review of the literature 
on the associations between polymorphisms in OPRMi and alcohol dependence. We addressed 
findings of 12 studies that met our inclusion criteria. All studies employed a case- control 
design and had alcohol dependence as dependent outcome measure. Our review showed that 
clinical studies do not unequivocally support an association between polymorphisms in OPRMi 
and alcohol dependence. Factors that complicate genetic research on alcohol dependence, 
such as gene-environment interaction, and genetic and clinical heterogeneity, are discussed.
INTRODUCTION
Approximately 76,3 million people worldwide can be diagnosed with alcohol disorders 
(WHO, 2004), making alcohol dependence one of the most prevalent adult psychiatric 
disorders (NIAAA, 2005). Alcohol dependence is a heterogeneous and complex disorder 
in which multiple genetic and environmental risk factors play a role. Twin and adoption 
studies indicate a substantial genetic component in the development of alcohol dependence 
(Kendler et al., 1997; McGue, 1999; Pagan et al., 2006), with heritability estimates ranging 
from 40% to 60% (Prescott & Kendler, 1999). In attempts to identify genetic markers that 
might be involved in alcoholism1, association studies have examined candidate genes 
and their relation to alcohol dependence. A pathway that has received a lot of attention in 
addiction studies is the endogenous opioid system (e.g., Bond et al., 1998; Hoehe et al.,
2000), especially the OPRM1 gene encoding the p-opioid receptor. A single nucleotide 
polymorphism (SNP) in exon 1 of this gene, 118A>G (often referred to as A118G) resulting 
in a change in amino acid from asparagine (Asn) to aspartic acid (Asp) at position 40 of 
the receptor protein, is the most studied variant in this gene. It was also the polymorphism 
of interest that Arias and coworkers (2006) examined in their recent meta-analysis on 
substance dependence. The authors concluded that this particular polymorphism did not 
appear to affect the risk for substance dependence. A possible explanation for the lack 
of effects could be that subjects with any type of substance dependence (e.g., alcohol, 
heroin, cocaine, methadone) were included in the meta-analysis, while substance use 
disorder is a broad, heterogeneous concept, with many different features (e.g., Koob et al., 
2004). In addition, even within one substance use disorder different subtypes may exist. 
Cloninger (1987) differentiated between two types of alcoholism; type I, characterized by 
later onset and little or no antisocial behavior, and type II, illustrated by an early onset, 
and a more severe course with higher levels of alcohol-related problems. Babor and 
colleagues (1992) also found two types of alcoholics in their study; type A and B, that 
corresponded to Cloninger's type I and II respectively. Early and late onset alcoholism was 
found to differ substantially in estimated heritability (70% and 30% respectively; McGue 
et al., 1992). Hence, the aggregation of different substance disorders or even different 
subtypes of substance use disorders into one general concept may level off the association
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between one (sub)type of substance use disorder (e.g., alcoholism) or specific aspects of 
addiction and polymorphisms in OPRM1. Several other methodological problems may 
have confounded earlier studies, and will be discussed later on.
In the present review we will focus on the dependence of one specific substance: 
alcohol. The main aim is to provide a descriptive overview of the present literature on 
polymorphisms in OPRM1 and alcohol dependence in humans. Animal studies that 
contain relevant information will be discussed as well.
Proposed mechanism of involvement of the opioid system in alcohol dependence
One hypothetical neurobiological mechanism of addiction that provides a link between 
distal genes in the opioid system and a dependence phenotype (alcoholism) refers to the 
mesolimbic reward system, in which the opioid system is involved. In the reward model 
proposed by Herz (1997), dopamine and opioid receptors interact: Alcohol consumption 
leads to an increase of endogenous opiates (in particular p-endorphin) that bind to the 
p-opioid receptors (Keith et al., 1986), which results in heightened dopamine levels in 
reward areas of the brain (Adinoff, 2006; Cowen & Lawrence, 1999; Herz, 1997). This in 
turn may lead to reinforcing effects of alcohol, such as craving, loss of control, and feelings 
of intoxication and euphoria. Hence, genetic polymorphisms changing the function or 
regulation of the p-opioid receptor might account for differences in response to the effects 
of alcohol.
Because p-endorphin is part of the processes of reward and reinforcement and often 
used as a biomarker of genetic risk for alcohol disorders, Froelich and coworkers (2006) 
examined whether hormonal responses to alcohol can be inherited. Compared with 
other hormonal responses to alcohol, the p-endorphin response was the only one highly 
heritable according to findings in their twin study. In addition, Gianoulakis et al. (1996) 
found that ethanol increased the level of p-endorphin-related peptides, but only in high­
risk (HR) individuals (with a positive family history of alcoholism). HR individuals also had 
lower basal p-endorphin levels, indicating an opioid deficiency. According to the “opioid 
deficiency theory” this state is related to an elevated risk for alcoholism since HR subjects 
may drink large amounts of alcohol to compensate for this deficiency (see Gianoulakis et 
al., 1996; Ulm et al., 1995). In addition, it was found that p-endorphin gene expression 
was higher in rats selectively bred for alcohol preference compared with those bred for 
low alcohol intake, indicating that a genetic predisposition towards alcoholism may also 
be related to an enhanced responsiveness to alcohol of the opioid system (Froelich, 1995; 
Krishnan-Sarin et al., 1998).
Pharmacological studies provide additional evidence for the proposed link between 
OPRM1 and alcohol dependence. Nonselective opioid receptor antagonists (naltrexone, 
naloxone) decreased alcohol self-administration in rodents and monkeys (Altshuler et al., 
1980; Froelich et al., 1990; McGregor & Gallate, 2005; Meyers et al., 1986), and showed 
beneficial effects in the treatment of alcoholism in humans (Chick et al., 2000; McCaul et 
al., 2000; Morris et al., 2001), although results have not been unequivocal (Krystal et al., 
2001). Opioid antagonists block the opioid receptors and, subsequently, the release of 
dopamine in the ventral tegmentum area, hereby influencing several aspects of alcohol 
dependence by reducing alcohol consumption, craving, relapse rates, and the rewarding 
(euphoric) effects of alcohol consumption in humans (O'Malley et al., 1992; Volpicelli et al.,
1992, see for a review Bouza et al., 2004). Interestingly, Oslin and coworkers (2003) found 
in their study that alcohol-dependent subjects with the Asp40 allele (118G) responded more 
favorably to treatment with naltrexone than subjects homozygous for the common Asn40 
(118A) allele, implying that the 118A>G polymorphism moderates pharmacotheurapeutic 
treatment. However, Gelernter and coworkers (2007) could not replicate these findings.
The mechanism by which the specific 118A>G variant in OPRM1 influences alcohol- 
related phenotypes has been the focus of extensive study as well. Initially it was suggested 
that Asn40Asp represented a gain of function variant, with the Asp-containing receptor 
binding p-endorphin three times more tightly than the Asn form (Bond et al., 1998). 
However, other studies failed to replicate these findings (Befort et al., 2001; Beyers et 
al., 2004), and Zhang et al. (2005) even reported that the Asp40 SNP resulted in loss of 
function by reducing both mRNA levels and protein levels. This was corroborated by in 
vivo studies by Heinz and colleagues (2005), who found that alcohol-dependent patients 
with the G-allele (Asp40) displayed lower availability of p-opioid receptors in the ventral 
striatum compared to alcohol-dependent patients without the G-allele.
Taken together, findings from both human and animal studies suggest a role for 
the opioid system in alcohol dependence. On the other hand, studies have produced 
contradicting results and much remains unclear about the exact biological mechanism 
through which the opioid system and alcohol interact (Cowen & Lawrence, 1999).
REVIEW OF CLINICAL STUDIES IN HUMANS
A systematic literature search was carried out using Ovid Medline and Pubmed to 
retrieve studies reporting on the association between alcohol dependence and the p-opioid 
system. Keywords used were 'p-opioid', 'OPRM1', and 'opiate receptor', crossed with 
'alcohol', 'alcoholism' and 'substance'. Reference sections of the identified articles were 
used to find additional studies. Studies in which subjects were classified by their primary 
diagnosis (alcohol dependence) but had a potential prevalence of comorbid substance 
dependence (Kranzler et al., 1998; Zhang et al., 2006) were included in our review, next 
to studies in which no information about potential comorbid substance use was provided 
(Kim et al., 2004a; Loh et al., 2004; Nishizawa et al., 2006). Because several studies used 
overlapping samples, we excluded the studies with the smallest samples (Gelernter et 
al., 1999; Gscheidel et al., 2000; Sander et al., 1998; Town et al., 1999). Twelve clinical 
studies were selected that examined the association between OPRM1 polymorphisms 
and alcohol dependence in humans (see for details of the studies, Table 1).
The majority of studies focused on the 118A>G polymorphism. Outcome variable 
was alcohol dependence following DSM or WHO guidelines (WHO, 1992) in all selected 
studies. The vast majority of the studies were carried out in ethnically homogenous 
populations. All studies had a case-control design, and one study included parents of part 
of the sample for a transmission disequilibrium test (TDT) design as well (Franke et al., 
2001). Approximately a quarter of the studies excluded alcohol-dependent individuals with 
comorbid psychiatric disorders (Bart et al., 2005; Kim et al., 2004b; Rommelspacher et al., 
2001). Most studies, however, did not provide information on comorbidity of the alcohol- 
dependent subjects. Five of the twelve studies conducted a check for psychiatric disorders 
in control participants (Bart et al., 2005; Franke et al., 2001; Kim et al., 2004a; Kranzler et
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al., 1998; Rommelspacher et al., 2001).
Nine out of ten studies did not find significant differences in the frequency of the 118G 
allele (Asp40) between alcohol-dependent subjects and control subjects (Bergen et al., 
1997; Franke et al., 2001; Kim et al., 2004a; Kim et al., 2004b; Loh et al., 2004; Luo et al., 
2003; Nishizawa et al., 2006; Rommelspacher et al., 2001; Zhang et al., 2001), although 
Rommelspacher et al. (2001) reported a trend towards significance (p = .07) for an increased 
frequency of the Asp40 allele in alcohol-dependent subjects. In ten studies associations of 
genotypes containing the G-allele and alcohol dependence were also examined. Trends 
towards significance for an increased genotype frequency of the 118A>G polymorphism 
in alcohol-dependent subjects were reported (.05 < p < .10; Kim et al., 2004b; Nishizawa 
et al., 2006), although most researchers again failed to find significant differences in 
genotype frequencies containing the 118G allele between alcohol-dependent participants 
and controls (Bergen et al., 1997; Franke et al., 2001; Kim et al., 2004a; Loh et al., 2004; 
Luo et al., 2003; Zhang et al., 2006). In the studies that did find significant associations 
with the 118A>G variant (Bart et al., 2005; Schinka et al., 2002), these associations were 
with the 118G genotype in the study by Bart and coworkers (2005), whereas Schinka and 
colleagues (2002) found the 118A allele and the AA genotype significantly associated with 
an increased risk for alcohol dependence. Bart et al. (2005) also compared individuals 
with early and late onset alcohol dependency, but did not find a significant difference in 
genotype frequencies between these two groups. Haplotype analyses were carried out 
in four studies, including additional SNPs besides 118A>G, with a significant difference 
in haplotype frequency distributions between alcohol-dependent individuals and controls 
observed in the study by Zhang et al. (2006), but not in studies by Bergen et al. (1997), Loh 
et al. (2004), Luo et al. (2003). Luo and colleagues (2003), however, did find a difference 
in haplotype frequency between controls and 'alcohol + opioid'-dependent patients (p = 
.004).
Examination of polymorphisms in OPRM1 other than 118A>G also showed mixed 
results. Bergen et al. (1997), Loh et al. (2004), and Luo et al. (2003) did not identify any 
associations with alcohol dependence for both exonic and intronic SNPs. Kranzler et 
al. (1998) and Rommelspacher et al. (2001) found a trend towards significance for the 
association of alcoholism with an intronic CA repeat polymorphism and the 17C>T SNP 
respectively (p = .07 in both studies). Zhang et al. (2006) showed significant associations of 
an allele of one intronic SNP and genotypes of two intronic SNPs with alcohol dependence 
(p < .01). The authors suggested that the intronic SNPs may be involved in alternative 
gene splicing or transcription regulation, and thus might play a role in susceptibility to 
alcohol dependence.
Table l. Clinical Association Studies of p-opioid Receptor Gene (OPRMi) Polymorphisms and Alcohol Dependence (AD) in Humans.
Study Population N
cases
N con­
trols
% male 
cases
% male 
cotrols
Polymophism 
in OPRM1
Dependent
variable
Allele freq (Asp) 
cases**
Allele freq (Asp) 
Controls**
Sign dif in allele freq 
controls and cases
Bergen et al. (1997)'* Caucasian (Finnish) 88 182 100 100 2 SNPs* AD .165 .113 no (p = n.r.)
American Indian 116 108
^rLO 19» .164 .153 no (p = n.r.)
Kranzleret al. (1998)-’ Caucasian 201 84 n.r. n.r. CA repeat AD n.a n.a. p = .070
African American 39 34 n.r. n.r. p > .100
Franke et al. (2001)2 Caucasian (German) 221 365 65 n.r. 118A>G AD .118 .121 p = .967
Rommelspacher et al. (2001)-’ Caucasian (German) 327 340 86 n.r. 4 SNPs* AD .107 .078 p = .070
Schinka et al. (2002)2 Caucasian 179 297 98 48 118A>G AD .093 .136 p = .035***
Luo et al. (2003)' European American 282 179 76b 56b 8 SNPs* AD .106 .137 no (p = n.r.)
African American 16 55 .000 .027 no (p = n.r.)
Loh et al. (2004)' Asian (Taiwanese) 158 149 94 99 4 SNPs* AD .370 .330 .097 < p < .443
Kim et al. (2004b)2 Asian (Korean) 112 140 95 57 118A>G AD .397 .311 p=  .105
Kim et al. (2004a)2 Asian (Korean) 128 100 100 100 118A>G Alcoholism .371 .305 p=  .169
Bart et al. (2005)4 Caucasian (Swedish) 389 170 72 48 118A>G AD .125 .074 p = .007 (genotype 
with G-allele)
Nishizawa (2006)2 Asian (Japanese) 64 74 78 31 118A>G AD .523 .425 p=  .105
Zhang et al. (2006)' European American 318 338 75 42' 13 SNPs* AD .120 .129 p < .010 (for 3 
intronic SNPs)
Caucasian (Russian) 247 100 100 100 4 SNPs n.a. n.a. p = .023 (for 1 
intronic SNP)
Note: n.r. = not reported, n.a. = not applicable. 1 Allele, genotype, and haplotype frequencies were examined in this study.2 Allele and genotype frequencies were examined in this s tudy.3 Allele 
frequencies were examined in this study.4 Genotype frequencies were examined in this study. + Numbers refer to reference numbers in the te x t.a Percentages based on total sample of South­
western American Indians.b Percentages based on total group of European Americans and African Americans.cPercentages based on total group, including drug-dependent subjects. *=  including 
118A>G. ** From the differences in 118A>G allele frequencies one can derive genetic heterogeneity in different populations. *** Regarding differences in allele frequencies of alcohol-dependent 
participants and the super-restricted controls p = .035. Regarding differences in allele frequencies between alcohol-dependent participants and unrestricted controls p = .081.
OPRMl A N D  A LC O H O L D E P E N D E N C E
EXPLANATIONS AND COMPLICATING FACTORS
Our descriptive review on clinical studies shows inconsistent evidence for an association 
of the Asn40Asp polymorphism or any other polymorphisms in the p-opioid receptor gene 
and alcohol dependence. Although it is possible that allelic variation in OPRM1 simply 
does not present a risk factor for alcohol dependence, various alternative explanations can 
be provided for the overall lack of positive findings.
Because OPRM1 allele and genotype frequencies strongly differ between populations 
(e.g., Loh et al., 2004; Gelernter et al., 1999) genetic heterogeneity of the study samples 
can be a confounder in the association between the Asp40Asn polymorphism and alcohol 
dependence. However, since the majority of the reviewed studies controlled for population 
mixture by selecting ancestral homogenous samples, it is unlikely that associations have 
been obscured by stratification bias (Arias et al., 2006). The most adequate way to handle 
stratification bias is to study trios of two parents with one affected child (Rutter, 2006). The 
family-controlled study by Franke et al. (2001) however, showed no support for preferential 
transmission of either allele of the 118A>G polymorphism from parents to alcohol- 
dependent offspring. In addition, a recent study by Xuei et al. (2007) employing a sample of 
219 multiplex alcohol-dependent families and a family-based test of associations also did 
not find associations between one or more of 18 OPRM1 SNP's and alcohol dependence. 
One complementary explanation for the lack of significant association findings refers to 
the fact that the search for alcoholism-associated polymorphisms in OPRM1 has been 
highly restricted to the 118A>G variant. It might be that other polymorphisms in the gene 
are related to vulnerability for alcohol dependence. However, the few haplotype analyses 
on alcohol dependence that were carried out reported ambiguous results as well (Bergen 
et al., 1997; Loh et al., 2004; Luo et al., 2003; Zhang et al., 2006).
Prevalence estimates of alcohol-dependent individuals who seek help and subsequently 
receive treatment for their alcohol addiction range from approximately 8 to 34 percent at 
the population level (Dawson et al., 2005; Roizen, 1977). This implies that the majority of 
alcoholics will not be noticed by treatment centers or hospitals. The patients in the reviewed 
studies were mainly recruited from addiction medical clinics, hospitals, or psychiatry wards 
and were often actively seeking treatment. Therefore, it is likely that a sample selection 
bias has occurred in many of the reviewed studies, which makes it difficult to generalize 
the findings to the population level. In addition, True and coworkers (1996) found that 
treatment seeking contains a large genetic determinant (41%), which might account for a 
further bias of the sample. Other possible problems with the samples that might reduce 
generalizability and validity of the present studies include differences in male -  female 
ratios in both case and control groups, the variable inclusion of individuals with comorbid 
psychiatric disorders, and the lack of controlling for nicotine dependence. The one study 
that used strict inclusion criteria in this regard and employed a strictly screened control 
group found a risk effect of the Asn40 allele on alcohol dependence (Schinka et al., 2002). 
To rule out all types of confounding effects, future studies should preferably be population- 
based, or use rigorously screened control and case groups.
One of the most likely explanations for the differences in findings could be that 
complex traits such as alcoholism are polygenic diseases (Chakravarti & Little, 2003) with 
several genetic loci involved in the development of the disorder in a single individual.
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This implies that effects of single genes and polymorphisms will generally be small and 
large study samples will be necessary to provide sufficient power to identify associations 
and interactions (Bomprezzi et al., 2003). The studies reviewed here are generally 
small and lack sufficient statistical power to detect significant associations, at least for 
the 118A>G variant with its relatively low allele frequency in Caucasian populations. In 
addition, epistasis, the interaction between genes, is likely to affect (the expression of) the 
alcoholism phenotype. When epistasis occurs, the effect of one locus or gene is changed 
or concealed by effects of another locus, hereby reducing the power to find effects of 
the first locus (Cordell, 2002). To our knowledge, no studies examining the biological 
interactions between genes in relation to alcohol dependence have been published to 
date, leaving ample room for future studies.
Another important set of possible explanations is based on the phenotype definition used 
in the studies. Classification of psychiatric disorders is often based on DSM-IV categorization, 
which has been primarily developed for clinical purposes. Alcohol dependence, however, 
may be very variable in its clinical presentation (clinical heterogeneity). For example, many 
individuals experience comorbid disorders, besides their alcohol dependence. Behavioral 
phenotypes that often co-occur, such as alcoholism and depression, or alcoholism and 
ADHD, may share parts of the genome that are implicated in both disorders (Johann et al., 
2003; Prescott et al., 2000). As such, dividing alcohol dependence into new categories, 
such as 'alcoholism plus depression' or 'alcoholism plus ADHD' may lead to genetically 
more homogeneous subtypes that could obtain stronger links in molecular-genetic studies.
Another way to deal with clinical heterogeneity issues is to focus on the mediating layer 
between distal gene and proximate phenotype, a layer that consists of basic biological 
or psychological processes that contribute to alcohol dependence (Kendler, 2005). An 
example comes from Gottesman and Gould (2003), whose endophenotype concept is 
represented by latent traits that are more closely linked to the underlying genetic factors 
than the complex behavioral phenotype, and that can be measured at a biological, 
neurological, or cognitive level. Indeed, preclinical studies reported associations between 
variants in OPRM1 and psychological processes such as craving for alcohol (Barr et al., 
2007; Ray & Hutchison, 2004; Van den Wildenberg et al., 2007). It was found that G-allele 
carriers reported significantly higher feelings of post alcohol intoxication, euphoria, and 
stimulation (Ray & Hutchison, 2004), and more craving after being exposed to alcohol 
(Van den Wildenberg et al., 2007) than individuals with only A-alleles. In a study on rhesus 
macaques, it was found that male macaques with the 77C>G allele (a variant that is 
comparable with 118A>G in humans) exhibited increased alcohol preference (Barr et al.,
2007).
Neurophysiological markers such as brain oscillations have also been used as 
endophenotypes. For example, variations in the GABRA2 gene, coding for a subunit of the 
GABAa receptor, have been found to affect the beta frequency band of the EEG (Porjesz 
et al., 2002), which in turn would predispose to alcohol dependence (Edenberg et al., 
2004). Endophenotypes in the form of brain oscillations may thus indeed improve the 
power of molecular genetic studies of alcohol dependence (see Porjesz et al., 2005 for an 
overview).
Animal studies frequently found associations between polymorphisms in OPRM1 and
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alcohol self-administration (Ulm et al., 1995). Consequently it is possible that although 
humans may experience high levels of craving or wanting for alcohol, they might be able 
to inhibit these impulses. This brings us to our last, perhaps most important limitation of 
the studies under review: the lack of taking environmental factors into account. Besides 
the effects that a plethora of environmental factors such as peer drinking, disadvantaged 
family environment, and stressful life events solely may have on alcohol use (Swadi, 1999), 
gene and environment may also interact in the causality of alcoholism (gene-environment 
interaction, GxE). Accordingly, a genetic liability may express itself only in the presence 
of certain environmental factors. However, studies that incorporate gene-environment 
interactions in predicting alcohol dependence are scarce. One exception is the study 
by Madrid and colleagues (2001) showing that exposure to stress mediated the relation 
between a polymorphism in the gene encoding the dopamine D2 receptor (DRD2) and 
alcoholism. To our knowledge, no studies exist that have included environmental factors in 
their analyses on polymorphisms in OPRM1 and alcohol dependence.
In conclusion, clinical studies do not unequivocally support the assumed associations 
between polymorphisms in the p-opioid receptor gene and alcohol dependence. However, 
preclinical and animal studies reported more positive findings, and opioid-antagonists 
remain promising in treatment for alcoholism. To enhance clarity of the findings, future 
studies may need to take comorbidity of patients into account, employ community based 
case groups or thoroughly screened, matched case-control groups, include environmental 
factors, and focus on specific aspects of alcoholism or endophenotypes.
Future perspective
It is evident that research into associations between genes and phenotypes is subject 
to various difficulties (see also Highlights). Clearly much work needs to be done to find out 
whether the opioid system harbors risk factors of alcohol dependence, and if so, through 
which underlying mechanisms. In tackling the problem of clinical heterogeneity, new 
categories of phenotypes may be constructed that are genetically more homogeneous 
and thus more relevant to molecular genetic studies than the presently used DSM- 
categorizations. For example, one may think of comorbid alcohol dependence and 
depression to make up one (new) phenotype, which may show a stronger association with 
certain genetic loci. In addition, the endophenotypic approach is promising in providing 
a more proximate, intermediate layer between gene and distal phenotype, that may be 
able to identify new candidate genes for alcoholism, and show stronger associations with 
specific SNPs than the complex trait. Because nature and nurture usually do not operate 
independently, we expect that future association studies will shift their focus to gene­
environment interactions (see also Rutter, 2006). The inclusion of the environment will 
give significantly more insight into the diverse factors and their interactions that determine 
alcohol dependence. Besides the notion that pharmacotherapy with opioid antagonists 
continues to remain promising in the treatment of alcohol dependence, more individual- 
based treatment approaches that comprehend environmental factors such as stress or 
lifestyle of the individual in addition to genetic susceptibility will be the focus of future 
studies (Chakravarti & Little, 2003).
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FOOTNOTE
1 Substance dependence and addiction will be used interchangeably throughout this article 
(Keith et al., 1986; Koob et al., 2004).
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> Een drankprobleem, 
probleem dat er
dat is het
geen drank in huis is
Herman Brusselmans (1957- )
CHAPTER 5
Polymorphisms in the dopamine transporter gene 
(SLC6A3/DAT1) and alcohol dependence: A review
Published as:
Van der Zwaluw CS, Engels RCME, Buitelaar J, Verkes RJ, Franke B, Scholte RHJ (2009) 
Polymorphisms in the dopamine transporter gene (SLC6A3/DAT1) and alcohol dependence in 
humans: a systematic review. Pharmacogenomics 10:853-866
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ABSTRACT
Dopamine neurotransmission has been a key player in attempts to identify genetic factors 
involved in alcohol dependence. The dopamine transporter (DAT) terminates dopaminergic 
neurotransmission, making the gene encoding the transporter (SLC6A3/DAT1) an attractive 
candidate in clinical studies on alcohol dependence. We conducted a systematic review of 
18 studies examining associations between polymorphisms in DAT1 and alcohol dependence. 
The DAT1 VNTR, the most frequent studied polymorphism in DAT1, did in general not show a 
direct associated with alcohol dependence. Several, but not all, studies found that the DAT1 
VNTR (9-repeat allele) was associated with alcohol-withdrawal symptoms, such as seizures 
and delirium tremens. We discuss shortcomings, such as lack of power and disregarding 
moderating variables, as well as future challenges of gene association studies.
INTRODUCTION
Alcoholism is one of the most prevalent psychiatric disorders. In 2001-2002, the 
twelve-month prevalence of alcohol dependence in the US was 3.7% (Grant et al., 2007). 
Heritability estimates for alcohol dependence are high and range from 50% to 70% in both 
men and women, as is shown by numerous twin and adoption studies (Goldman et al., 
2005; Kendler et al., 1997; McGue, 1999; Pagan et al., 2006; Prescott & Kendler, 1999). 
In attempts to discover the nature of this genetic liability for alcoholism, genes involved 
in dopaminergic circuits have received much attention. Alcohol is known to activate the 
dopaminergic system, which in turn is associated with positive reinforcement (Berridge 
& Robinson, 1998; Wise & Rompre, 1989). Thus, genetic variation in the function or 
regulation of genes coding for proteins involved in dopamine neurotransmission might 
account for different responses to alcohol or might contribute to individual variation in 
vulnerability to alcohol abuse (Persico et al., 1993).
Essential in dopamine regulation is the dopamine transporter (DAT). DAT belongs 
to the family of Na+/Cl--dependent transmembrane transport proteins (Uhl, 1992), and is 
responsible for the reuptake of extracellular synaptic dopamine into presynaptic neurons, 
hereby terminating dopaminergic neurotransmission (Giros et al., 1992). As such, 
dopaminergic reward circuits are likely to function differently when DAT expression levels 
differ (Drgon et al., 2006), which makes the gene encoding the transporter (SLC6A3/ 
DAT1) an attractive candidate in clinical studies on alcohol dependence.
The mechanism by which DAT availability is regulated in the brain is still not exactly 
understood. Neuroimaging studies show that DAT levels may be affected by chronic 
alcohol use. DAT levels were significantly lower in the striatum of alcohol-dependent 
humans and monkeys than in controls, but returned to control levels after a period of 
abstinence (Laine et al., 1999; Mash et al., 1996). Also, striatal DAT density was markedly 
lower in non-violent type 1 alcoholics than in control subjects (Repo et al., 1999; Tiihonen 
et al., 1995). This difference was not significant for violent, type 2 alcoholics. Two other 
studies did not find reductions in DAT levels in the brains of alcoholics when compared to 
controls (Heinz et al., 1998; Volkow et al., 1996), although this might be related to the fact 
that measurements were carried out up to several weeks after alcohol withdrawal, in which
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DAT levels may have already returned to normal.
Alternatively, DAT availability in the brain may be dependent on genetic variation. The 
DAT gene (DAT1; locus symbol SLC6A3) is localized on chromosome 5p15.3. Although 
many parts of the gene are highly conserved in evolutionary aspect (Bannon et al., 
2001), several, mainly non-functional variants have been identified in DAT1 in different 
populations (see e.g., Grunhage et al., 2000; Kawarai et al., 1997; Ueno et al., 1999; 
VandenBergh et al., 2000; VandenBergh et al., 1992). For example, a single nucleotide 
polymorphism (SNP) in the 3' untranslated region (3' UTR) of the DAT1 gene consists of 
a G to A mutation at position 2319 in DAT cDNA (2319G>A) and has been described in 
several recent studies (Choi et al., 2006; Ueno et al., 1999; Wernicke et al., 2002). The 
genetic polymorphism of interest in most studies on alcohol dependence, however, is a 
variable number of tandem repeats (VNTR) of 40 base pairs (bp). For the VNTR numbers 
ranging from 3 to 16 have been described, with the 9- and 10-repeat alleles being the most 
common variants (Bannon et al., 2001; VandenBergh et al., 1992). Several studies have 
demonstrated ethnic differences in DAT1 VNTR frequency distributions (e.g., Kang et al., 
1999; Mitchell et al., 2000; Santovito et al., 2008). Since the VNTR is located in the 3' UTR 
of the gene, outside the open reading frame of the gene, allelic variants do not result in 
structural or functional differences in the DAT protein. Nonetheless, research suggests 
that the DAT1 VNTR is able to regulate specific gene functioning by influencing levels 
of expression. As such, DAT expression may be influenced by alteration in the length or 
sequence of the DAT1 VNTR (see for more info on the effects of 3'UTRs on translation 
and transcription Greenwood et al., 2002). It is also likely that the VNTR is in linkage 
disequilibrium with other susceptibility loci within the gene. Greenwood et al. (2002) 
discovered a high degree of linkage disequilibrium between SNPs in the 5' and 3' regions 
of DAT1. In addition, the VNTR polymorphism was in significant linkage disequilibrium (D’ 
> .50) with at least six SNPs within DAT1.
From the literature, it is not exactly clear whether high or low levels of DAT are likely to 
predispose to alcoholism. In the animal literature, one rodent study has shown that female 
DAT knockout mice showed decreased alcohol intake (Savelieva et al., 2002), indicating 
that low or abstinent levels of DAT result in higher levels of extracellular dopamine, and 
subsequently in less alcohol intake. In contrast, Hall et al. (2003) found that male DAT 
knockout mice increased their alcohol intake and that female heterozygous mice showed 
increased alcohol preference. In the human literature, both the 9- and the 10-repeat allele 
have been repeatedly associated with increased DAT expression (Fuke et al., 2001; Heinz 
et al., 2000; Inoue-Murayama et al., 2002; Michelhaugh et al., 2001; Mill et al., 2002; Miller 
et al., 2002; VanNess et al., 2005), and as such both may be treated as risk alleles.
In the current study we give a thorough review of the clinical studies that examined the 
association between DAT1 and alcohol dependence either in a case-control, or in a family- 
based design.
y
78
5
Table 1. Clinical Association Studies of DAT1 polymorphisms and Alcohol Dependence in Humans
Study Population Design Sample characteristics Alcohol
dependence
Muramatsu 
& Higuchi 
(1995)
Asian
(Japanese)
Case-
control
N = 212, $  = 91%, N t , = 235, $  = 47% Sub­cases ’ ^  ’ controls ’ ^
groups based on ALDH2*2 allele
DMS-III
Sander et al. 
(1997)
Caucasian
(German)
Case-
control
N = 293, $  = 87%, N t l  = 93, $  = 50%.cases ’ ^  ’ controls ’ ^
Subgroups based on family history, age of onset, 
w ithdrawal symptoms, type, antisocial tendencies
ICD-10
Dobashi et 
al. (1997)
Asian
(Japanese)
Case-
control
N = 80, $  = 99%, N t l  = 120, $  = 50%cases ’ ^  ’ controls ’ ^ DSM-III-R
Parsian & 
Zhang (1997)
Caucasian
(EA)
Case-
control
Family-
based
N = 162, $  = 72%, N t l = 89, $  = 52%. Sub­cases ’ ^  ’ controls ’ ^
groups based on type 1  and 2 alcoholics.
Nfamilies “  2 9
DSM-III-R
Schmidt et 
al. (1998)
German* Case-
only
N = 48, $  = 100%. Subgroups based on with-cases ’ ^  °  ~
drawal symptoms
ICD-10
Franke et al. 
(1999)
Caucasian
(German)
Family-
based
N. ... = 87, $  = n.r. Subgroups based on withdrawalfamilies ’ ^  °  ~
seizures, delirium
DSM-III-R
Ueno et al. 
(1999)
Asian
(Japanese)
Case-
control
N = 124, $  = 95%, N = 107, $  = 51%cases ’ ^  ’ controls ’ ^ DSM-III-R
Vandenbergh 
et al. (2 0 0 0 )
Caucasian
(EA)
Case-
control
N = 64, $  = n.r., N , ,  = 64, $  = n.r.cases ’ ^  ’ controls ’ ^ DSM-III-R
Heinz et al. 
(2 0 0 0 )
n.r. Case-
control
N = 14, $  = 79%, N t l  = 11, $  = 64%cases ’ ^  ’ controls ’ ^ DSM-IV
Chen et al. 
(2 0 0 1 )
Asian (Tai­
wanese)
Case-
control
N = 203, $  = 83%, N t l = 213, $  = 84%.cases ’ ^  ’ controls ’ ^
Subgroups based on ethnicity (4 aboriginal g roupsl, 
1 group of Han Chinese) and severity o f alcoholism
DSM-III-R
Bau et al.
(2 0 0 1 )
Brazilian Case-
control
N = 114, $  = 100%, N t l = 112, $  = n.r.cases ’ ^  ’ controls ’ ^ DSM-III-R
W ernicke et 
al. (2 0 0 2 )
German* Case-
control
N = 351, $  = 82%, N , , = 336, $  = 54%.cases ’ ^  ’ controls ’ ^
Sub-groups based on (1) positive history father, (2) 
positive history mother, (3) age of onset, (4) delirium, 
(5), seizures, (6 ) vegetative syndrome, (7) type I, (8 ) 
type II, (9) antisocial tendencies2
ICD-10
Gorwood et 
al. (2003)
Caucasian
(French)
Case-
control
N = 120, $  = 100%, N t l  = 65, $  = 100%. Sub­cases ’ ^  ’ controls ’ ^
groups based on w ithdrawal seizures or delirium
DSM-III-R
Limosin et al. 
(2004)
Caucasian
(French)
Case-
only
N = 64, 2 = 100%. Subgroups based on with-cases ’ ^  °  ~
drawal symptoms
DSM-III-R
Köhnke et al. 
(2005)
Caucasian
(German)
Case-
control
N = 216, $  = 81%, N t , =102, $  = 65%. Sub­cases ’ ^  ’ controls ’ ^
groups based on w ithdrawal seizures or delirium
DSM-IV
Samochow- 
iec et al. 
(2006)
Caucasian
(Polish)
Case-
control
Family-
based
Nfamilies = 100, $offspring = 8 8 %, Ncontrols =196, 
$  = 87%. Subgroups based on w ithdrawal seizures 
or delirium, or early age at onset
ICD-10
Choi et al. 
(2006)
Asian
(Korean)
Case-
control
N = 111, $  = 100%, N t l =123, $  = 100%.cases ’ ^  ’ controls ’ ^
Subgroups based on family history of alcoholism
DSM-IV
Le Strat et al. 
(2008)
French** Case-
control
Ncases = 250, $  = 70%, Ncontrols = 121, $  = 46%. 
Subgroup based on w ithdrawal seizures
DSM-IV
Note. EA = European Am erican. VNTR = DAT1 3 ’ UTR VNTR. *Participants were recruited in Germany; no further 
information on patients’ ethnicity was given. **80% of th is French sample was of Caucasian descent. Ethnicity of 
the other patients was not described (Le Strat et al., 2008). n.r. = not reported. 1The four aboriginal groups con­
sisted o f Atayal, Ami, Bunun, and Paiwan participants. 2Part o f th is sample was examined previously for the DAT1 
VNTR (see Sander et al., 1997).
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METHOD OF SEARCH
A literature search was carried out using Ovid Medline and PubMed. Keywords used 
were 'dopamine transporter', 'DAT1', 'DAT', combined with 'alcohol', 'dependence', and 
'alcoholism’. Studies were included if they examined the DAT1 VNTR polymorphism or the 
DAT1 2319G>A polymorphism, and if they applied a case-control, case-only, or a family- 
based design. Studies that were carried out on post-mortem cases (e.g., Foley et al.,
2001) were left out of the review. A total of 18 studies were included in the present review. 
We first give a short, general summary of the findings of the studies. Subsequently the 
reviewed studies are individually and in more detail described in a chronological order (see 
also Table 1 and 2). The studies examining the DAT1 VNTR polymorphism (N = 15) are 
described separately from the studies that examined the DAT1 2319G>A polymorphism (N 
= 3), which are not included in the general summary below.
Clinical studies on the DAT1 VNTR and alcohol dependence
Muramatsu and Higuchi (1995) were the first to test for differences in DAT1 VNTR allele 
prevalence between alcohol dependent and control subjects. In their Japanese sample, 
they differentiated between 80 alcoholics with the aldehyde dehydrogenase-2 (ALDH2) 
polymorphism, 132 alcoholics without this variant and 235 control persons. Individuals 
with the ALDH2*2 variant display decreased ALDH2 enzyme activity, which reduces 
efficient breakdown of alcohol consumed (Yoshida et al., 1984). This in turn creates the 
well-known flushing response and disproportional headaches and nausea after limited 
alcohol consumption. Since alcoholic persons with the ALDH2*2 allele had overcome 
their original 'genetic protection against alcoholism', the authors reasoned that they must 
share another susceptibility factor, possibly represented by a DAT1 polymorphism. No 
differences in DAT1 VNTR allele frequency were found between the alcoholics without the 
ALDH2*2 allele and control persons. However, the 7-repeat allele occurred significantly 
more often in alcoholic persons with the ALDH2*2 allele than in controls (p < .05). No 
significant differences were found in the frequencies of the 9-repeat or 10-repeat alleles 
between alcoholics with the ALDH2*2 allele and controls. The authors concluded that as 
the search for susceptibility genes with regard to alcohol dependence is complicated by 
the heterogeneity of the disease, focusing on specific subpopulations might be helpful. 
Thus, for Japanese persons with the ALDH2 inactivity allele, an additional variation in 
DAT1 may increase the risk for alcoholism.
Also Sander and colleagues (1997) formed subgroups of their sample of 293 Caucasian 
alcoholics. They created clinically relevant subgroups based on positive family history, 
early age at onset, delirium, withdrawal seizures, antisocial tendencies, and type 1 and 2 
alcoholics. When compared to the 93 controls, alcoholics with an alcohol-related delirium 
or with withdrawal seizures showed significantly increased prevalence of the DAT1 VNTR 
9-repeat allele (OR = 2.49, p = .01 and OR = 2.48, p = .01 respectively). In addition, 
alcoholics homozygous for the 9-repeat allele were significantly more prevalent in the 
antisocial subgroup, and in the subgroup of type 2 alcoholics (OR = 3.37, p = .04 and OR 
= 4.59, p = .01 respectively). The entire group of alcohol-dependent individuals, or the 
other subgroups (positive family history, early age at onset, type 1 alcoholics) showed 
no difference in 9-repeat allele frequency compared to controls. The authors suggested
that the 9-repeat allele might be mainly associated with more severe alcohol-induced 
neuroadaptive alterations in the brain and with the expression of somatic withdrawal 
symptoms. In accordance with Muramatsu and Higuchi (1995) they further emphasized 
that considering alcoholics as one homogeneous group might not be the best way to 
examine genotype-phenotype associations.
Dobahi, Inada, and Hadano (1997) studied several dopamine-related genes and 
polymorphisms, among which the DAT1 VNTR, in a Japanese sample of 80 alcoholics 
and 120 control subjects. Although the frequency of the 7-repeat allele was higher in 
alcohol-dependent patients than in controls, and the 9-repeat allele was less frequent in 
alcoholics than in controls, these results were only borderline significant (p < .10). The 
authors mentioned that gene loci might be related to characteristics of personality or 
psychosis that predispose to addictive behavior, rather than to this behavior itself. They 
also pointed to the fact that ethnic differences between samples may produce different 
results. The DAT1 7-repeat allele has, for example, only been detected in Japanese and 
Chinese populations (Kang et al., 1999).
Parsian and Zhang (1997) did not find any evidence for a significant association 
between the DAT1 VNTR polymorphism and alcohol dependence in their Caucasian 
sample. They compared DAT1 allele (9-, 10-, 11-repeat alleles) frequencies in 162 type 
I and type II alcoholics with those of 89 unrelated controls. No significant differences 
were found between the total group of alcoholics and controls (p = .572), nor between 
type I and type II alcoholics (p = .347). To control for potential stratification effects 
caused by non-accurate matching of cases' and control subjects' ethnicity in the case- 
control design, the researchers also carried out a haplotype relative risk analysis. In this 
approach the frequency of transmitted haplotypes (case) is compared to the frequency 
of non-transmitted haplotypes (control) within a family, hereby controlling for stratification 
problems (Falk et al., 1987). In 29 families, the alcoholic proband and both parents were 
genotyped. Haplotypes containing the 9-repeat risk allele were not more often transmitted 
to alcohol-dependent probands than haplotypes without this allele (p = .461). The authors 
concluded that the DAT1 VNTR polymorphism was not associated with alcoholism in their 
sample.
Schmidt and coworkers (1998) examined whether withdrawal symptoms in 48 
chronically intoxicated, German, male alcoholics differed with the presence or absence 
of the DAT1 9-repeat allele. The 22 patients with the 9-repeat allele reported significantly 
higher levels of alcohol withdrawal symptoms, such as paroxysmal sweats and tremors, 
than patients homozygous for the 10-repeat allele (p = .04). Stepwise multiple regression 
analysis showed that the amount of alcohol consumed in the preceding month was related 
to withdrawal symptoms (p = .42, p = .005), and that the DAT1 VNTR genotype showed a 
nearly significant trend towards association with withdrawal symptoms (p = .24, p = .10). 
The authors suggested that the DAT1 VNTR may play a role in the brain’s capacity to 
adapt and compensate for long-term effects of alcohol use.
Franke et al. (1999) also used the family-based association approach of Falk and 
Rubinstein (1987) to avoid effects of hidden population stratification. The authors tested 
whether the 9-repeat allele of the DAT1 VNTR was more frequently transmitted than 
other, control alleles from parents to 87 Caucasian alcohol-dependent probands. The
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87 Caucasian alcoholic probands consisted of 55 patients without delirium or withdrawal 
seizures (subgroup 1) and 32 patients with either alcohol-induced delirium or withdrawal 
seizures (subgroup 2). Disease probabilities for persons with the DAT1 9-repeat allele did 
not differ significantly from disease probabilities for persons without the DAT1 9-repeat 
allele (p = .345). Also, in the subgroups no significant association was found between 
transmission of the DAT1 9-repeat allele and alcohol dependence (subgroup 1: p = .424; 
subgroup 2: p = .771). As in the study of Parsian and Zhang (1997) it was concluded that 
the DAT1 VNTR was not significantly associated with alcoholism, although the authors 
mentioned that the use of anticonvulsive medication, and consequently the severity of 
withdrawal symptoms might have confounded the results.
VandenBergh et al. (2000) sequenced the 60,000 bp of the entire DAT1 gene in 150 
control subject, 109 individuals meeting criteria for Tourette's syndrome, 15 individuals 
with attention-deficit/hyperactivity disorder (ADHD), and in 64 individuals with alcohol 
dependence (all subjects were of Caucasian descent). The authors discovered a SNP 
in exon 15, resulting in a base substitution of C into T, which, however, did not have a 
functional consequence with regard to a change in amino acid. Two other, rare variants 
in exon 2 and exon 8 did result in a change in the amino acid sequence, while all other 
SNPs in the DAT1 gene did not. Although both the VNTR 10-repeat allele and the newly 
discovered exon 15 SNP were significantly more often transferred to subjects with ADHD, 
no difference in allele frequencies between cases and controls was found for alcoholism 
(.16 < p < .93). VandenBergh and colleagues (2000) stated that DAT may still be involved in 
alcohol dependence and other neuropsychiatric disorders, but perhaps in a more complex 
way, such as in genetic heterogenic processes or gene-environment interactions. Also, 
since the majority of the polymorphisms found in the DAT1 gene did not result in amino acid 
changes, the authors suggested that variations in levels of expression, induced by genetic 
variants in promoter/enhancer regions, rather than differences in protein sequences, may 
explain variability in individuals’ genetic liabilities for alcoholism.
In the study of Heinz et al. (2000) single photon emission computed tomography 
(SPECT) was used to measure differences in DAT availability in caudate and putamen 
brain areas of 14 abstinent alcoholics and 11 control subjects (ethnicity was not reported). 
Although the 9-repeat allele was more frequent in alcohol-dependent subjects than in 
control subjects, the difference was not significant (p = not reported). DAT availability 
in caudate and putamen did also not significantly differ between alcoholic and control 
subjects (p = .26 and p = .43 respectively). Genotype did affect DAT availability in putamen 
in the total sample (p < .05), with persons with the 9-repeat allele exhibiting lower binding 
potential than inidividuals homozygous for the 10-repeat allele. No significant effect of 
genotype on DAT availability was found for the caudate (p = .11). Regardless of the small 
sample size, the authors also tested for several confounding variables. No significant 
differences were found in age, negative symptoms (anhedonia, apathy, affective flattening), 
occupational status, educational level, impulsivity, anxiety, and depression levels between 
persons carrying the 9-repeat allele and those homozygous for the 10-repeat allele. It was 
suggested that the reduction in dopamine transporter availability in alcoholic subjects with 
the 9-repeat allele, resulting in decreased clearance of synaptic dopamine, may make 
these individuals more sensitive to drug-induced dopamine surges, especially during
y
82
5
alcohol-withdrawal periods.
Chen and coworkers (2001) studied a group of Han Chinese and four ethnically 
homogeneous groups from the Taiwanese population; Atayal, Ami, Bunun, and Paiwan. 
The 203 alcoholic subjects all reported alcohol dependence with withdrawal symptoms. 
A subgroup of severe alcohol-dependent subjects was created with participants who 
displayed impairment of liver function, peripheral neuropathy or hallucinations. The 213 
control subjects were matched with the alcoholic subjects based on ethnicity and age and 
were excluded when they smoked at least one pack of cigarettes per day. No significant 
differences in genotype distribution were found between the control and the alcoholic 
subjects, either for the total groups of alcoholics (Atayal: p = 1.00; Ami: p = .10; Bunun: 
p = .59; Paiwan: p = .36; Han: p =.66) or for the subgroups of the more severe cases 
(Atayal: p = 1.00; Ami: p = .07; Bunun: p = .69; Paiwan: p = .29; Han: p =.77). The authors 
acknowledged that the relatively small sample sizes (65 < N < 158) of the different ethnic 
groups could have resulted in insufficient power to detect associations.
Bau and colleagues (2001) examined differences in DAT1 VNTR allele frequencies 
between 114 Brazilian cases and 112 Brazilian controls in a x2 test. No significant differences 
were found (p = .31). However, in a regression analysis the DAT1 10/10 genotype did 
significantly predict levels of alcohol consumption (p = .04). Additionally, an interaction 
effect between the novelty-seeking personality trait and the DAT1 10/10 genotype was 
found (p = .04). The authors suggested that carrying the 10/10 DAT1 genotype may 
enhance alcohol-seeking behavior in individuals who score high on novelty seeking.
Gorwood et al. (2003) studied the role of the DAT1 VNTR in alcohol withdrawal 
symptoms (alcohol-withdrawal seizure and delirium tremens) by comparing 120 
Caucasian male alcoholics with 65 control subjects. Alcohol-dependent patients with the 
9-repeat allele experienced more frequently at least one episode of alcohol-withdrawal 
seizure or delirium tremens, and had more often taken alcohol to reduce withdrawal 
symptoms than alcohol-dependent patients without the 9-repeat allele (p = .03 and p = 
.02, respectively). The average number of withdrawal symptoms was not significantly 
different between alcohol-dependent patients with and patients without the VNTR 
9-repeat allele (p = .33). The 9-repeat allele occurred more frequently in patients with 
antisocial personality disorder than in the rest of the alcohol-dependent sample (p = .03), 
and excluding these patients enhanced the association between the 9-repeat allele and 
alcoholism with alcohol withdrawal seizures and delirium tremens (p = .02). The 9-repeat 
allele was also significantly more often observed in older patients (p < .01) and in patients 
with a longer history of alcohol dependence (p < .01). Additionally, a principal component 
analysis showed that delirium tremens and alcohol withdrawal seizures together formed 
one component of alcohol withdrawal symptoms in the patient sample, suggesting that 
patients with seizures and delirium tremens may represent a rather homogeneous group 
of patients (Le Strat et al., 2008). The authors further suggested that lower levels of DAT, 
resulting in higher levels of dopamine or hyperdopaminergic states and consequently 
sometimes in delusion and hallucination, may be related to delirium tremens (Gorwood et 
al., 2003, see also Sander et al., 2001 Szot et al., 1996).
The above-described studies were mainly carried out in male populations. Limosin 
and colleagues (2004) examined whether the 9-repeat allele was also associated with
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withdrawal symptoms in 64 Caucasian, alcohol-dependent women in a case-only design. 
The average number of withdrawal symptoms did not significantly differ between women 
with and without the 9-repeat allele (p = .22). However, women with the 9-repeat allele 
experienced more often at least eight (out of eleven) withdrawal symptoms (p = .04). 
Further, visual hallucinations were significantly more frequent in women with the 9-repeat 
allele when compared to women homozygous for the 10-repeat allele (p = .03). Other 
withdrawal symptoms, including alcohol withdrawal seizures and delirium tremens were 
not associated with the 9-repeat allele. To explain this discordance with the results of 
studies on male samples (Gorwood et al., 2003; Sander et al., 1997; Schmidt et al., 1998), 
Limoson et al. (2004) stated that since male alcohol-dependent subjects suffer from more 
withdrawal symptoms than females, this may restrict the association between alcohol 
withdrawal seizures and delirium tremens to male alcoholics. Further, they acknowledged 
that the small sample size (N = 64) might have resulted in decreased power to detect 
differences between females with the 9-repeat allele and those without.
Kohnke et al. (2005) compared Caucasian male and female alcoholic patients with 
severe withdrawal symptoms (alcohol withdrawal seizure (AWS): N = 65; delirium tremens 
(DT): N = 83) to Caucasian alcohol-dependent patients with only mild alcohol withdrawal 
symptoms (N = 97) and did not find any differences in 9-repeat allele frequencies (for 
AWS: p = .42; for DT: p = .55). However, the 9-repeat allele was significantly more frequent 
in the total group of alcoholics (N = 216), when compared to healthy controls (N = 102; 
p = .01). This association of the 9-repeat allele with alcoholism was present for male 
alcoholics (p = .02), but not for their female counterparts (p = .18), although this latter lack 
of significance might be explained by the small sample size of female alcoholics (N = 40) 
and female controls (N = 36). Daily alcohol consumption was not significantly different 
for 9-repeat allele carriers compared to alcoholics homozygous for the 10-repeat allele. 
Kohnke et al. (2005) concluded that the 9-repeat allele was more likely to be a marker for 
alcoholism as such, than for severe withdrawal symptoms.
Samochowiec and colleagues (2006) applied both a case-control and a family-based 
design in their study. For the latter, the Transmission Disequilibrium Test (TDT) was used. 
In this test it is examined whether an investigated allele exceeds the 50% Mendelian 
chance of transmission to an alcohol-dependent proband, which would imply a role in 
the etiology of alcoholism. Analysis of one hundred Polish families showed a significant 
difference in the transmission of the DAT1 VNTR 10-repeat allele, which was preferentially 
transmitted to affected offspring (p = .047). Creating homogeneous subgroups of early- 
onset patients and severe alcoholic patients (with seizures and/or delirium) did not result 
in significant differences in transmission for any of the DAT1 alleles (p = .34 and p = .66 
respectively). Subsequently 196 control subjects were included in the study. However, no 
significant differences in DAT1 VNTR allele frequencies were found between the alcohol- 
dependent participants and control subjects (p = not reported).
Le Strat et al. (2008) genotyped the VNTR and seven SNPs in the DAT1 gene in 
a sample of 250 French alcohol-dependent participants, of whom 60 subjects had 
experienced withdrawal seizures. When compared to 121 control subjects the 9-repeat 
allele was not more often present in the entire group of alcohol-dependent participants 
(p = .166). However, the 9-repeat allele was significantly more frequent in alcohol-
dependent subjects with withdrawal seizures when compared with alcohol-dependent 
subjects without alcohol-withdrawal seizures, both in a chi-square test (p = .02) and in 
a logistic regression analysis (p = .03). In the regression analysis the authors controlled 
for confounding variables such as age of onset of alcohol dependence and alcohol 
dependence severity. Two other SNPs, located close to the VNTR, were also associated 
with withdrawal seizures. In addition, two haplotypes showed a significant protective effect 
for alcohol dependence with alcohol-withdrawal seizures.
Clinical studies of the DAT1 2319G>A SNP in alcohol dependence
The three studies described below examined another polymorphism in the 3' UTR of 
the DAT1 gene; 2319G>A. Ueno et al. (1999) studied the prevalence of this polymorphism 
in a sample of Japanese subjects (N . . .. = 124, N . . = 107) and found that the 2319-
r  r  J v alcoholics ’ controls '
A allele was significantly more frequent in alcoholic subjects than in controls (OR = 1.73, 
p = .02). The risk for alcoholism increased with the number of 2319-A alleles (p = .046). 
The 2319-A allele was found only in combination with the 10-, 11-, and 14-repeat allele 
of the DAT1 VNTR, and the 2319G>A polymorphism appeared to be in significant linkage 
disequilibrium with the VNTR polymorphism. Haplotype analyses of the 2319G>A and 
VNTR polymorphism were also carried out. The haplotype of the A-allele together with 
the 10-repeat allele of the VNTR (merged as the 'A10' allele) was found more often in 
alcohol-dependent participants than in control subjects (OR = 1.76, p = .01), showing a 
significant positive dose effect (p = .04). In contrast, the risk for alcoholism was significantly 
decreased for the G10 allele (OR = .53, p = .002), with a significant negative dose effect 
(p = 01).
Wernicke et al. (2002) examined 351 German alcoholics and 336 ethnically matched 
control subjects. The alcohol-dependent group was divided into 9 subgroups: (1) father 
with a positive history of alcohol dependence, (2) mother with a positive history of alcohol 
dependence, (3) early age at onset, (4) alcohol-related delirium, (5) alcohol-related 
withdrawal seizures, (6) vegetative withdrawal syndrome, (7) Cloninger type 1 alcoholics, 
(8) Cloninger type 2 alcoholics, (9) alcoholics with antisocial tendencies. For the 2319G>A 
polymorphism no significant difference was detected between control subjects and 
alcoholic patients, neither in the total group, nor in any subgroup. Two trends towards 
significance were found for the A/A homozygous genotype, which occurred more often 
in patients with withdrawal seizures (p = .06), and in those with an alcohol-dependent 
mother (p = .08). Regarding the VNTR, the results were already published in Sander et 
al. (1997; discussed before). The 2319G>A polymorphism was not in significant linkage 
disequilibrium with the VNTR, which was in contrast with the results of Ueno et al. (1999). 
Following Ueno et al. (1999) in analyzing only individuals homozygous for the 10-repeat 
allele of the DAT1 VNTR for genotype effects of the 2319G>A polymorphism (Npatients = 
183, Ncontrols = 186), no differences were found in 2319G>A frequency between the total 
group of alcoholics and controls. However, the homozygous A10/A10 genotype was more 
frequently detected in patients with an alcoholic mother (OR = 5.25, p = .02), patients with 
a history of delirium (OR = 4.71, p = .03), and patients with a history of withdrawal seizures 
(OR = 7.91, p = .001) when compared with control subjects. The groups were also tested 
for differences in ethanol intake and tobacco smoking, with no significant results.
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Table 2. Statistical Results of Clinical Association Studies of DATi polymorphisms and Alcohol Dependence in Humans
Study Cases
f9 f10
Controls
f9 f10
Type of analysis Polymor­
phism
X2 difference in VNTR 
allele freq cases and 
controls (total groups)
Extra amalyses
Muramatsu & Higuchi 
(1995)
.05 .92 .06 .90' X2 VNTR n.s. p = n. r. 7-repeat allele more frequent in cases with ALDH2*2 
allele (p < .05)
Sander et al. (1997) .25 .74 .19 .77 X2, Fisher’s exact 
test
VNTR p= .07 9-repeat allele more frequent in cases with delirium (p = 
.01) and withdrawal seizures (p = .01)
Dobashi et al. (1997) .03 .94 .08 .90 X2 VNTR .05 < p < .10 (exact p n.r.) --
Parsian & Zhang 
(1997)
.26 .72 .26 .73 X2 (Monte Carlo 
simulations), Family- 
based HHR
VNTR p= .57 haplotypes with the 9-repeat allele were not more often 
transmitted to AD probands (p = .46)
Schmidt et al. (1998) .23 .77 n.a. n.a. X2, multiple regres­
sion
VNTR n.a. 9-repeat allele carriers had more severe withdrawal 
symptoms than 10-allele carriers (p = .04)
Franke et al. (1999) .32 .682 n.a. n.a. relative risk VNTR n.a. the 9-repeat allele was not more frequently transmitted 
to AD probands, with or without delirium (.35 < p < .77)
Ueno et al. (1999) n.r. n.r. n.r. n.r. X2, Fisher’s exact 
test, Cochran Q 
armitage test
VNTR,
2319G>A
n.r. 2319-A allele and haplotype A10* were more frequent 
in cases than in controls (p = .02 and p = .01, resp). 
G10** protected against AD (p < .01)
Vandenbergh et al. 
(2000)
n.r. n.r. n.r. n.r. X2 VNTR, 
exon2 C/T, 
exon9 A/G, 
Exon15 C/T
.16 < p < 
n.r.)
.93 (exact p =
Heinz et al. (2000) .25 .75 .17 .83 X2, student’s t-test VNTR n.s. p = n. r. SPECT study. Persons with 9-repeat allele showed 
sign, reduction in DAT availability in putamen (p < .05)
Chen et al. Atayal 
(2001) Ami 
Bunun 
Paiwan 
Han
.07
.02
.19
.01
.10
.93
.98
.81
.99
.90
.08
.11
.15
.04
.08
.92
.89
.85
.96
.92
Fisher’s exact test VNTR Atayal:
Ami:
Bunun:
Paiwan:
Han:
p =  1.00 
p =  .10 
p=  .59 
p = .36 
p=  .66
no significant differences between controls and sub­
groups of severe cases (Atayal: p = 1.00; Ami: p = .07; 
Bunun: p = .69;Paiwan: p = .29; Han: p =.77)
Table 2. Statistical Results of Clinical Association Studies of DATi polymorphisms and Alcohol Dependence in Humans (cont.)
Study Cases
f9 f10
Controls
f9 f10
Type of analysis Polymor­
phism
X2 difference in VNTR 
allele freq between cases 
and controls (total groups)
Extra a ma ly ses
Bau et al. (2001) .22 .77 .25 .74' X2, regression VNTR p= .31 --
Wernicke et al. (2002) see Sander et al. (1997) X2,OR VNTR,
2319G>A
see Sander et al. (1997) 2319A allele not more frequent in cases than in controls 
(in total group nor in subgroups). A10* was more 
frequent in subgroups 2 (p = .02),4 (p = .03) and 5 (p < 
.01) (see Table 1)
Gorwood et al. (2002) .30 .70 .34 .66 X2, OR, Armitage 
test
VNTR n.r. 9-repeat allele more frequent in cases with >1 seizure 
or delirium (p = .03), in cases with antisocial person, 
disorder (p =. 03), in older cases (p < .01), and in cases 
with a longer history of AD (p < .01)
Limosin et al. (2004) .34 .65 n.a. n.a. X2, OR, Fisher’s 
exact test
VNTR n.a. 9-repeat allele carriers experienced more often >8 
withdrawal symptoms (p = .04), specifically visual hal­
lucinations (p = .03)
Köhnke et al. (2005) .24 .74 .16 n.r. Fisher’s exact test, 
Kruskal-Wallis test
VNTR p= .01 no sign, differences in allele frequencies between cases 
with seizures or delirium versus mild withdrawal symp­
toms (p = .42 and p = .55 resp.)
Samochowiec et al. 
(2006)
n.r. n.r. n.r. n.r. X2, TDT VNTR n.s. p = n.r. 10-repeat allele was preferentially transmitted to AD 
offspring (p = .05)
Choi et al. (2006) n.a. n.a. n.a. n.a. X2, Fisher’s exact 
test
2319G>A n.a. no sign, differences in allele frequencies between 
controls and familial alcoholics (p = .49) or non-familial 
alcoholics (p = .76)
Le Strat et al. (2008) .25 .75 .32 .68 X2, Fisher’s exact 
test, logistic regres­
sion
VNTR, 
several other 
SNPs3
p= .166 9-repeat allele more frequent in cases with WS p = .02 
(x2),p = .03 (logistic regression)
Note. Cases f9 = frequency of the DAT1 VNTR 9-repeat allele in the entire group of alcoholics. Controls f9 = frequency o f the DAT1 VNTR 9-repeat allele in the control group. HHR = 
Haplotype relative risk. OR = Odds ratio. VNTR = DAT1 3 ’ UTR VNTR. n.s. = not significant, n.r. = not reported, n.a. = not applicable. TDT = Transmission Disequilibrium Test. SNP = Single 
Nucleotide Polymorphism. AD = alcohol dependence. SPECT = single photon emission computed tomography. DAT = dopamine transporter. 1ln some studies 9-repeat and 10-repeat allele 
frequencies do not add up to 1 because of rare alleles such as the 7-repeat allele. 2These are approximate allele frequencies, since all alleles different from the 9-repeat allele were pooled 
(there were however, only 5 parental alleles that were neither the 9-repeat or the 10-repeat allele) (Franke et al., 1999). *Haplotype consisting of the DAT1 VNTR 10-repeat allele and the 
DAT1 2319A allele. **Haplotype consisting of the DAT1 VNTR 10 repeat allele and the DAT1 2319G allele.
DOPAMINE TRANSPORTER REVIEW
In the study of Choi et al. (2006) 111 male Korean patients with alcohol dependence 
were compared to 123 male Korean control subjects on several different polymorphisms, 
among which the DAT1 2319G>A polymorphism. The alcohol-dependent subjects were 
divided into two groups: patients with a family history of alcohol dependence (N = 43) 
and patients without a family history of alcohol dependence (N = 68). Genotype and 
allele frequencies of the 2319G>A polymorphism were not significantly different between 
control subjects and either subjects with a family history of alcohol dependence (p = .49) 
or subjects without a family history of alcohol dependence (p = .76).
DISCUSSION
One of the first things to notice from the above-described studies is that a case-control 
design in which all alcohol-dependent individuals are treated as a single group results in a 
very heterogeneous phenotype with a large variety of individual symptoms and etiologies. 
As such, identifying subgroups in which the clinical heterogeneity of alcohol dependence 
is taken into account may more genuinely represent reality, and increases power of finding 
associations, if the subgroups are large enough. Excluding moderating factors (such as 
withdrawal symptoms) may result in the incorrect conclusion that there is no association 
between genotype and phenotype, while in fact there is a relationship, but only when 
moderating variables are taken into account (see Van der Zwaluw & Engels, 2009). Flint 
and Munafo (2008) warn for what they call 'data dredging'; searching for significant results 
in subgroups without clear a priori hypotheses. Although we believe that moderating 
factors need to be taken into account to increase our ability to find genetic contributors 
to alcohol dependence, we would also like to stress the need for adequately powered 
samples, and clear a priori hypotheses to prevent data dredging.
Another factor that may have caused the disparity in findings consists of the differences 
between study samples regarding (psychiatric) comorbidity. About one third of the 
reviewed studies did, for example, not give information on the exclusion or inclusion of 
patients with other psychiatric or substance use disorders in their study sample (Bau et 
al., 2001; Chen et al., 2001; Limosin et al., 2004; Muramatsu & Higuchi, 1995; Parsian & 
Zhang, 1997; Samochowiec et al., 2006; VandenBergh et al., 2000). Others only reported 
having excluded patients with psychosis (Ueno et al., 1999; Dobashi et al., 1997) or with 
schizophrenia or dementia (Le Strat et al., 2008; Gorwood et al., 2003). The DAT1 VNTR 
has shown to be associated with ADHD (see Yang et al., 2007a for a meta-analysis), 
and ADHD has in turn been related to alcohol dependence (Johann et al., 2003). It might 
therefore be that alcoholics who also have ADHD form a subgroup that is genetically more 
homogeneous, resulting in stronger relations with DAT1.
Other differences in the composition of samples that might have caused a lack of 
univocal results include differences in ethnicity, age-range of the sample, sex differences, 
matching of cases to controls, recruitment of patients and the presence of withdrawal 
symptoms (see also Van der Zwaluw et al., 2007). To complicate matters further, other 
genes and polymorphisms, in addition to DAT1, can also be expected to contribute to 
the risk of developing alcoholism, since alcoholism is a polygenic disorder. Generally, 
if different polymorphisms are examined in relation to alcohol dependence, their effects 
are analyzed separately, and not in interaction with each other (e.g., Konishi et al., 2004;
Samochowiec et al., 2006). However, for example, Muramatsu and Higuchi (1995) revealed 
that the DAT1 VNTR 7-repeat allele was only significantly related to alcoholism if ALDH2 
genotype was also taken into account. If this interaction was not included in their analyses, 
it would have led to the erroneous conclusion that the DAT1 VNTR was not associated 
with alcohol dependence in their sample. Thus, ignoring gene-gene interactions may result 
in an underestimation of specific genetic associations to alcohol dependence (Cordell,
2002). We are not aware of other studies that have included interactions between DAT1 
and other genes with respect to the link to alcohol dependence, leaving ample room for 
future studies.
In a similar vein, environmental factors are rarely included in gene-association studies, 
but have been shown to be involved in the risk for alcohol dependence. For example, 
social factors such as alcohol consumption of friends and family (Poelen et al., 2007; Van 
der Vorst et al., 2007), as well as stressful life events such as bad family relationships or 
childhood maltreatment (Nilsson et al., 2002; Nilsson et al., 2005; Windle & Davies, 1999) 
are of considerable importance in (later) alcohol use and dependence. Genetic factors may 
pose a latent susceptibility for alcohol abuse, but environmental factors moderate whether 
this susceptibility comes to expression (Rutter, 1997). For instance, a gene-environment 
study of Madrid et al. (2001) demonstrated that dopamine D2 receptor (DRD2) genotype 
did not significantly differ between cases and controls. However, when stress was included 
in the model, the DRD2 A1 allele was significantly associated with alcohol dependence, 
but only in patients with high stress levels (for more examples see e.g., Caspi et al., 
2002; Nilsson et al., 2006; Van der Zwaluw et al., 2010a). As such, ignoring environmental 
factors may again lead to the wrong conclusion that certain genetic factors are not related 
to alcohol use or dependence, while in fact they are, but only under specific environmental 
conditions (Van der Zwaluw & Engels, 2009). The reverse is also true; environmental risk 
factors for alcohol use (disorders) may be overlooked if they are not examined together 
with genetic influences.
We would like to emphasize that by highlighting gene-gene and gene-environment 
interactions we do not aim at an uncontrolled, random search for all kinds of possible 
interactions, which would probably result in many false positives. Selecting genotypes 
or environmental factors based on a plausible biological mechanism or for an evidence- 
based reason should already decrease the chance of random gene or environment 
selection (Uher, 2008a). Genome-wide association studies should be used to provide 
additional information on chromosomal areas and susceptibility genes related to alcohol 
dependence (e.g., Guerrini et al., 2005; Prescott et al., 2006). In addition, multi-allelic 
haplotypes may aid to identify the disease locus or genetic region of interest, and counter 
the disadvantages of multiple testing (Greenwood et al., 2002). Obviously, replication is 
essential to decrease the possibility of reporting false positives, as are large sample sizes.
The biological mechanisms through which the DAT1 VNTR or 2139G>A polymorphisms 
influence alcohol-related behaviors are still largely unclear. As such, it is perhaps a step 
too far to already 'jump' to associating a polymorphism with a clinical phenotype. Research 
that focuses on the (neuro)biological mechanisms that underlie the supposed link between 
gene and phenotype are highly warranted. In addition, a way to reduce the distance 
between gene and phenotype is to concentrate on endophenotypes that mediate this
DO
PA
MI
NE
 
TR
AN
SP
OR
TE
R 
RE
VI
EW
association (e.g., Gottesman & Gould, 2003). Endophenotypes can consist of biological, 
neurological, or cognitive variables, such as craving, levels of intoxication or euphoria 
post alcohol consumption, alcohol metabolism, brain waves, or expectations of alcohol 
consumption (see for a review Dick et al., 2006).
A final shortcoming of the reviewed studies is that most studies are fairly small and 
may lack power to accurately examine the role of the DAT1 gene in alcoholism, hereby 
increasing the risk for false negatives. In addition, the DAT1 3' UTR VNTR is a polymorphism 
with several different alleles, which further reduces the power of association studies. To 
tackle power problems and to carry out reliable (replication) studies very large sample 
sizes are needed (Rietschel, 2008). To show that sample sizes need to be extremely 
large under certain circumstances, we took one reviewed study (Sander et al., 1997) as a 
representative for power and sample size calculations (see Table 3). Systematic reviews 
and meta-analyses could be used to synthesize data from separate studies and counter 
the need for extremely large (individual) sample sizes (Uher, 2008a).
The specification of subgroups of alcohol-dependent persons for which a certain 
polymorphism is a risk factor is only beginning to emerge, but may have great implications 
for the treatment of alcoholism. Further, specific subgroups may have a more homogeneous 
genetic cause of disease, which in turn may provide additional information on specific 
biological mechanisms. Although large sample sizes are needed to take so many variables 
into account, this would allow researchers to adopt a more individual, personalized 
approach, that may be very well translatable to clinical practice (see also Chakravarti & 
Little, 2003).
FUTURE PERSPECTIVE
It is clear that challenges for future gene association studies are abundant (see also 
Buckland, 2008; Van der Zwaluw & Engels, 2009; Van der Zwaluw et al., 2007). To tackle 
the lack of statistical power, large samples are needed. In addition, creating subgroups 
or endophenotypes that are more closely associated with a specific genetic factor than 
a general alcohol-dependent phenotype, may result in more solid and more replicable 
results if the subgroups are of considerable size. The inclusion of specific moderating 
variables, such as other genetic polymorphisms or environmental risk factors may improve 
the specification of the phenotype with which the DAT1 gene is related (or not). Including 
more individual-based variables in our gene association studies will hopefully lead to more 
individual-based treatments in clinical practice (Chakravarti & Little, 2003).
5
Table 3. Example of Power and Sample Size Calculations
Variables Genotype relative risk
Aa = 1.10 Aa = 1.25 Aa = 1.50 Aa = 2.00 Aa = 2.50
Number of cases 293 293 293 293 293
Number of controls 93 93 93 93 93
Risk allele (A) frequency 0.19 0.19 0.19 0.19 0.19
Prevalence of alcohol 
dependence*
0.037 0.037 0.037 0.037 0.037
Genotype relative risk Aa 1 . 1 0 1.25 1.50 2 . 0 0 2.50
Genotype relative risk AA 1 . 2 0 1.50 2 . 0 0 3.00 4.00
Power** (dominant model %) 7.2 17.6 45.9 8 8 . 6 98.3
Power** (allelic test %) 7.4 18.4 46.8 87.2 96.6
Number of cases needed 
for power of 80% (dominant 
model**)
12018 2197 667 229 137
Number of cases needed for 
power o f 80% (allelic test**)
10971 2061 651 239 160
Note: The study of Sander and colleagues (1997) was used as an example of power and sample size calculations in 
th is table. Calculations were carried out with the case-control for discrete tra it test o f the Genetic Power Calculator 
(GPC; Purcell et al., 2003). *Prevalence of alcohol dependence was derived from the study by Grant et al. (2004). 
**Test with 1 df, alpha = .05. A  = DAT1 VNTR 9-repeat allele.
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je alles bewaren, 
behalve geheimen
Gerrit Komrij (1944- )
CHAPTER 6
DRD2, ANKKi and the development of externalizing 
behavior: A mediating role for impulsivity?
In preparation as:
Van der Zwaluw CS, Latendresse SJ, Goodnight J, Bates JE, Lansford JE, Dodge KA, Pettit GS, 
Engels RCME, Dick DM (2011) DRD2, ANKKi and the development of externalizing behavior: A 
mediating role for impulsivity?
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ABSTRACT
In the current study, associations between six SNPs in DRD2/ANKK1 and development of self­
reported externalizing behavior were examined in a Caucasian community sample aged 17 to 
22. Additionally, it  was tested whether different measures of impulsivity (i.e. Teacher Report 
Form of CBCL, passive-avoidance task, card playing task) constituted a common liability for 
externalizing behaviors and accordingly mediated the genotype-phenotype relationships. 
Growth mixture model analyses in which participants (n = 301) were categorized in three 
groups of externalizing behavior (a low decreasing, stable moderate and stable high group 
of externalizing behavior) were carried out in Mplus. Results showed that three SNPs in 
DRD2/ANKK1, including the frequently genotyped TaqiA SNP, were associated with different 
trajectories of externalizing behavior. For the Taq1A SNP, additional copies of the A1(T) allele 
increased the risk of being classified in the moderate or high externalizing groups, compared 
to the low-risk externalizing group. Impulsivity was not associated with externalizing 
behavior, nor with the DRD2/ANKK1 SNPs, which excluded mediation effects. The findings of 
the current study support the use of longitudinal designs in future gene-association studies.
INTRODUCTION
Externalizing behavior in childhood has been reliably associated with an early onset 
of alcohol use, heavy alcohol consumption during adolescence, and alcohol dependence 
in adulthood (Englund et al., 2008; lacono et al., 2008; Pardini et al., 2007; Pulkkinen & 
Pitkanen, 1994; Sartor et al., 2006). Family studies have shown that externalizing disorders 
tend to run in families, with first degree relatives of family members with substance 
dependence and antisocial behavior being at elevated risk of developing these behaviors 
themselves (Connell & Goodman, 2003; Hicks et al., 2004). Also, results from adoption 
and twin studies show evidence for a genetic influence on externalizing behavior (Hicks et 
al., 2004; Krueger et al., 2002; Van den Oord et al., 1994).
Several scholars have suggested that the risk for alcohol and substance use disorders 
as well as for other externalizing behaviors, such as engagement in criminal and violent 
activities, is caused by a common genetic liability (lacono et al., 2008; Krueger et al., 2002; 
McGue & lacono, 2005; Vanyukov et al., 2003). The high level of comorbidity between 
different externalizing disorders (Vollebergh et al., 2001) suggests the possibility of a non­
specific liability. In addition, externalizing disorders have been shown to share a genetic 
etiological factor (Kendler et al., 2003; Slutske et al., 1998). The common genetic liability 
to this broad spectrum of externalizing disorders is likely to be expressed during childhood 
or adolescence and may eventually, depending on environmental risk factors during the 
life course, result in externalizing psychopathology (lacono et al., 2008). Several scholars 
have suggested that this shared element that underlies externalizing disorders consists of 
(pre-) adolescent behavioral disinhibition (Dick et al., 2010; lacono et al., 2008; Krueger et 
al., 2002; Vanyukov et al., 2003; Young et al., 2009). lndeed, higher levels of impulsivity and 
novelty seeking in childhood and adolescence have been shown to predict externalizing 
behaviors later in life (e.g., Caspi et al., 1996; De Wit, 2009; Molina & Pelham, 2003; 
Olson et al., 1999; White et al., 2001; see for an overview Clark et al., 2002). Olson
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and colleagues (1999), for example, found that impulsivity at age 6 to 8 significantly and 
positively predicted externalizing behavior in adolescence.
The concept of impulsivity, also known as behavioral disinhibition or undercontrol, 
was described by Evenden (1999) as “actions that are poorly conceived, prematurely 
expressed, unduly risky, or inappropriate to the situation and that often result in undesirable 
outcomes.” Impulsivity as a multi-dimensional construct thus comprises numerous factors, 
such as hyperactivity, lack of perseverance, novelty seeking, inhibitory control, inattention, 
sensation seeking, and lack of planning, that are not necessarily strongly related (De Wit 
et al., 2009; Dick et al., 2010; Evenden, 1999). Both laboratory tasks and questionnaires 
have been employed to assess facets of impulsivity. As agreement between the two 
is generally low (Dick et al., 2010; Reynolds et al., 2006), including multiple types of 
assessment will strengthen the validity of the study and will provide additional insight in 
the measured concept.
In several theories it has been proposed that the mesolimbic dopamine system plays 
a large role in the neurobiological underpinnings of impulsive behavior and externalizing 
disorders (Li et al., 2006; Robinson & Berridge, 2003). According to Cloninger's model 
of temperament, and Gray's reinforcement sensitization theory, for example, impulsive 
persons are more sensitive to (cues for) reward, due to lower levels of dopaminergic 
activity (Cloninger et al., 1993; Gray & McNaughton, 2000). Neuroimaging studies have 
indeed shown that human midbrain areas that are rich in dopaminergic innervation are 
preferentially activated in decisions involving smaller immediate rewards (McClure et al., 
2004). In addition, lower levels of dopamine D2 receptor binding and receptor availability 
have been found in high novelty seekers (Suhara et al., 2001). Also pharmacological 
and animal studies suggest that lower levels of dopaminergic neurotransmission in the 
mesolimbic pathways are associated with higher levels of impulsivity and externalizing 
behaviors (e.g., Giros et al., 1996; Robinson & Berridge, 2003; Samson & Chappell, 2004).
A large part of this literature has been focused on the Taq lA  single nucleotide 
polymorphism (SNP) in the gene that lies adjacent to the dopamine D2 receptor gene 
(DRD2), the ankyrin repeat and kinase domain containing 1 (ANKK1; Neville et al., 2004). 
The Taq lA  polymorphism (rs1800497) has been associated with a plethora of phenotypes 
that also have shown a link to impulsivity, such as alcohol use and dependence (Dick et 
al., 2007; Esposito-Smythers et al., 2009), smoking (Comings et al., 1996a), substance 
dependence (Young et al., 2004), ADHD (Comings et al., 1996c; Sery et al., 2006), 
antisocial behavior and conduct disorder (Comings et al., 1996b; Ponce et al., 2003), 
and pathological gambling (Comings et al., 1996b). In addition, Eisenberg et al. (2007) 
for example found that Taq1A A1 allele carriers had a relatively larger preference for 
immediate smaller rewards, compared to larger rewards later in time (i.e., a steeper 
delayed discounting slope). Others have found associations between the Taq1A risk allele 
and sensation and novelty seeking (Han et al., 2008; Ratsma et al., 2001), although this 
relationship has not been replicated by others (e.g., Limosin et al., 2003).
Summarizing, the common liability in different externalizing behaviors seems to be 
at least partly represented by impulsive behaviors in childhood or adolescence, and 
disinhibited behavior appears to be related to a reduced dopaminergic functioning. In the 
current study we expand the existing literature by testing whether six SNPs in the DRD2
and ANKK1 genes are associated with externalizing behavior in adolescence and young 
adulthood in a longitudinal community sample, and if these relationships are mediated by 
impulsive behavior. We hypothesized that DRD2/ANKK1 and higher levels of impulsivity 
would be associated with externalizing behavior across adolescence and young adulthood, 
and that impulsivity would mediate the association between DRD2/ANKK1 risk genotypes 
and externalizing behavior.
METHODS
Sample
Participants were a subsample of the 585 children who were originally recruited for 
the longitudinal Child Development Project (CDP) in three cities in the United States (see 
for details on the sample selection, Dodge, Bates, & Pettit, 1990). Half of the original 
sample was male (52%) and the children had various ethnic backgrounds (81% European 
American, 17% African American, and 2% other ethnic groups). The first wave of data 
collection started in the summer before the children entered kindergarten at the age of 5, in 
1987-1988, and was followed-up by annual waves of data collection that are still ongoing. 
The sample was representative of the three communities regarding demographics 
and socioeconomic status (SES). Non-participants in any given wave typically show a 
slightly lower SES than participants, but there are no other consistent differences in child 
adjustment or family background characteristics between participants who provide data or 
not at a given wave (Pettit et al., 1997). In 2006 and 2007, DNA samples were obtained 
from 452 participants (95% of targeted sample of regularly participating subjects) by 
collecting saliva with Oragene collection kits (see Dick et al. (2009) for the details on DNA 
data collection). To prevent population stratification only European American (Caucasian) 
participants, ranging in age from 17 to 22 years old were included in the analyses (n = 
376). The CDP project was approved by the Institutional Review Boards at all locations.
Measures
Externalizing behavior. Externalizing behavior was assessed with the Achenbach's 
Youth Self Report (YSR) when participants were 17 and 19 years old, and with the Young 
Adult Self Report (YASR) when participants were young adults (at ages 20, 21, and 22) 
(Achenbach, 1991, 1997). The externalizing behavior subscale is a combined measure of 
the delinquency and aggressiveness subscales and consists of 30 items in the YSR and 28 
items in the YASR. Examples of items were 'I drink alcohol without my parents' approval', 
'I break rules at home, school or elsewhere', and 'I threaten to hurt people'. Response 
categories consisted of 'not true'(0), 'sometimes or somewhat true'(1), and 'very true or 
often true'(2). The YSR and YASR are internationally widely used questionnaires and have 
shown good psychometric properties (Achenbach & Rescorla, 2003). Internal consistency 
(Cronbach's alpha) ranged from 0.84 to 0.88 across the five assessments.
Impulsivity. The Teacher Report Form. Using the Teacher Report Form (TRF; 
Achenbach, 1991) the teacher reported on the child's impulsive behavior in the classroom 
when the child was 12 years old. Following Fite et al. (2008), seven items from the 113- 
item TRF were selected to form an impulsivity measure (see also White et al., 1994). Items 
were: 'Fails to finish things he/she starts', 'Demands a lot of attention', 'Disturbs other
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pupils', 'Impulsive or acts without thinking', 'Talks out of turn', 'Disrupts class discipline', 
and 'Demands must be met immediately', which could be answered with 'not true of the 
pupil'(0), 'sometimes or somewhat true of the pupil'(1), and 'very true or often true of the 
pupil'(2). As one of the items ('Demands a lot of attention') overlapped with an item from 
the self-report externalizing behavior score ('I try to get a lot of attention'), this item was 
excluded from the impulsivity measure. A confirmatory factor analysis was done in Mplus. 
Factor loadings ranged from .50 to .86, confirming that the items were loading onto one 
factor (x2(9) = 29.68, p < .001, CFI = .98, RMSEA = .08). Cronbach's alpha was also high 
(.88).
The passive avoidance task. The passive avoidance task, also known as the go/no-go 
discrimination task (Newman et al., 1985), measures the ability to respond to cues that 
have been previously paired with rewards, and to inhibit the response to cues that have 
been paired with punishments (Yechiam et al., 2006). The task was administered to the 
CDP participants when they were 16 years old, and the procedure has been described in 
detail by Vitale et al. (2005). Briefly, cues were 10 two-digit numbers that were presented in 
pseudo-randomized order to the participants on a computer screen for 90 trials. Subjects 
learned by means of trial and error what was a 'good' number, and what was a 'bad’ 
number. Following a correct response (i.e. pressing the button when a 'good' number 
was presented), the message 'you WIN 25 cents' appeared on the screen, coincided by 
a high tone and the receipt of 25 cents. An incorrect response (i.e. pressing the button 
when a 'bad' number was presented) was followed by the message 'you LOSE 25 cents', 
a low-pitched tone and the removal of 25 cents by the experimenter. No rewards were 
won or lost and no feedback was provided when the participant did not respond. Task 
performance was measured by the number of commission errors (i.e. failing to inhibit a 
response to a 'bad' cue) (cf. Vitale et al., 2005). Studies have shown that individuals that 
are more impulsive make more commission errors, due to a higher focus on reward and 
an inability to change this dominant response set (Yechiam et al., 2006). The passive- 
avoidance task has been used frequently as a measure of impulse control and adequate 
test-retest reliability has been shown (Kindlon et al., 1995).
The card playing task. In the same wave of data collection that contained the passive- 
avoidance task, the on average 16-year old participants also played a card game with 
which they could win money (Newman et al., 1987). Subjects started with $2.50 and were 
informed that turning over a face card would result in gaining 25 cents, while turning over 
a number card would lead to losing 25 cents (cf. Goodnight et al., 2006). In addition, 
they could end the game at any point and keep their winnings. What the participants did 
not know was that the probability of winning was 90% at the beginning of the game, but 
decreased by 10% after every 10 cards played. The maximum number of cards to be 
played was 100 cards, and doing so resulted in losing all the money. Participants gained 
most ($7.75) if they ended the game after playing approximately half of the cards. Task 
performance was assessed by the number of cards played before ending the task, hereby 
providing a measure of response perseveration (cf. Goodnight et al., 2006). Response 
perseveration is thought to reflect reward dominance (i.e. not quitting the game while 
levels of punishment increase), which in turn has been associated with externalizing 
behavior (e.g., Van Goozen et al., 2004).
Genotyping. Four SNPs in DRD2 and two SNPs in ANKK1 were selected for genotyping, 
based on their significant associations with alcohol dependence in an independent sample 
(see Dick et al., 2007). A modified single nucleotide extension reaction was carried out, 
with allele detection by mass spectrometry (Sequenom MassArray system; Sequenom, 
San Diego, CA). Biological and technical replicates were 100% consistent. Haploview 
was used to estimate the non-random pairwise associations between the SNPs (linkage 
disequilibrium; LD, see Table 1). Results showed that R2 values ranged from 0 to .16 (see 
Table 1), indicating low levels of LD between the SNPs. All SNPs were in Hardy Weinberg 
Equilibrium (.001 < x2(1) < 2.82, p > .05).
Table 1.
Allele Frequencies and Measure (R2) of Pairwise Associations between SNPs (Linkage Disequilibrium)
Allele frequencies 1 2 3 4 5 6
1. rs6275 C = .70; T = .30
2. rs1799978 A = .94; G = .06 . 0 2
3. rs4245149 7
co=
0
3;=A . 0 0 . 0 0
4. rs12361003 A = .35; C = .65 .05 .03 .06
5. rs1800497a C = 8 ; T = 8 .09 . 0 0 . 0 0 .03
6 . rs4938012 9.6=
05
=A .16 .05 . 0 0 .0 0 .16
Note: a rs1800497 is the frequently studied Taq1A SNP
Statistical analyses
In a previous study on the CDP sample, growth mixture modeling (GMM; Nagin, 1999) 
was applied to determine whether subgroups existed that followed qualitatively different 
developmental patterns of externalizing behavior from ages 12 to 22 (cf. Latendresse 
et al., 2011). Growth mixture modeling is a combination of latent growth analysis and 
latent class analysis. With latent growth analysis, individual development of externalizing 
behavior over time was estimated, by calculating the initial level of externalizing behavior 
(intercept), growth across time (slope), and the rate of acceleration (quadratic term). 
Latent class analysis classified adolescents who shared similar growth trajectories in 
externalizing behavior into the same group. GMM thus allows for having two or more 
subgroups in a population, each showing distinctively different trajectories. Latendresse 
et al. (2011) found that externalizing behavior in 12 to 22 year olds of the CDP data was 
best characterized by 3 subgroups; a decreasing low externalizing group, a decreasing 
moderate externalizing group, and a stable high externalizing group (see Latendresse et 
al., 2011 for the statistical details of the GMM). However, because the passive avoidance 
task and the card playing task were completed when the participants were 16 years old, 
and mediators should ideally precede the dependent variable, the current GMM analyses 
were carried out on adolescents aged 17 to 22. Externalizing behavior was again classified
into three groups (Decreasing Low (^ in te rc e p t = 6 82, p < 001 B slope = -97 , p < 001  Q u a d ra tic  =
.09, p = .01), Stable Moderate (B, t t = 12.73, p < .001; B, = -.74, p = .06; B r i , =  .07,
intercept slope quadratic
p = .30) and Stable High ( £ „  = 22.86, p < .001; = -1.69, p = .11; = .18, p =
.33); see Figure 1). Analyses for the present study were loosely based on the Latendresse 
et al. (2011) paper and proceed from the GMM showing three different trajectories of 
externalizing behavior.
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6 Figure 1. Three-class quadratic solution for trajectories of self-reported externalizing problems on the YSR and YASR from ages 17 to 22
Analyses were conducted only among those who were classified in one of the three 
externalizing behavior trajectories, whose impulsivity scores were provided on the TRF, 
and for whom genetic data were collected (n = 301). Analyses were carried out in Mplus 
version 5.1 (Muthen & Muthen, 1998-2008) and consisted of three steps. First, six models 
were run independently to examine whether the six SNPs across DRD2 and ANKK1 
showed a significant main effect on probabilities of trajectory class membership. In other 
words, it was tested whether DRD2 and ANKK1 genotypes were related to the probabilities 
of class membership in the distinct trajectories of externalizing behavior. Second, for 
those SNPs that showed significant association with externalizing trajectories we tested 
whether impulsivity mediated significant relationships between the SNPs and probabilities 
of externalizing behavior class membership. As Mplus does not allow running a single 
stage mediational model with a latent categorical outcome (Muthen & Muthen, 1998-2008, 
p. 553) we applied the classical Baron and Kenny (1986) approach (see Figure 2 for the 
model). Baron and Kenny (1986) stated that, in order for mediation to take place, the 
association between the predictor and the phenotype should be significant (c-path), the 
association between the mediator and the phenotype should be significant (b-path), and 
the association between the predictor and the mediator should be significant (a-path). As 
such, if there was a significant relationship between a SNP and externalizing behavior 
class probability (c-path), the second and third analytical steps consisted of testing the 
relationships between the three impulsivity measures and probabilities of externalizing 
behavior class membership in independent models (b-paths) and regressing the impulsivity
measures on the SNP(s) (a-path). Because externalizing behavior was classified in three 
subgroups, each main effect was tested by three contrasts; the Moderate versus the Low 
group, the High versus the Low group, and the High versus the Moderate group (hence 
the three b- and c-paths in Figure 2).
Figure 2. Model
RESULTS
Correlations
Teacher reported impulsivity did not correlate significantly with the card playing task (r 
= .03, p = .61), and showed a trend association with the passive-avoidance task (r = .12, 
p = .06). The number of cards played in the card playing task correlated at trend level with 
the number of commission errors of the passive-avoidance task (r = .12, p = .07).
Associations between SNPs and externalizing behavior
In Table 2, main effects of the six SNPs across DRD2 and ANKK1 on the probabilities 
of externalizing behavior trajectory class membership are presented. Results showed that 
three SNPs were significantly associated with externalizing behavior; rs1800497 (the Taq1A 
genotype) in ANKK1, and rs4245149 and rs12361003 in DRD2. For the Taq1A genotype, 
the results indicated that the risk of being in the moderate or the high group of externalizing 
behavior relative to the low decreasing group increased with additional copies of the A1 
risk (T) allele (OR = 2.38, p = .01; OR = 3.16, p = .005, respectively). In other words, the 
proportion of A1 allele carriers was higher in the high and moderate externalizing groups 
than in the low externalizing group (see Figure 3 for the class membership classification 
as a function of Taq1A genotype). With regard to the rs12361003 SNP, significantly 
more participants carried the homozygous CC genotype in the high externalizing group 
compared to the low and moderate groups (OR = 3.77, p = .01, OR = 3.31, p = .008, 
respectively). For rs4245149, the high externalizing group differed significantly from 
the moderate trajectory; the risk of being classified in the high externalizing trajectory 
decreased significantly for the GG genotype carriers (OR = .34, p = .04).
Associations between impulsivity and externalizing behavior
Teacher reported impulsivity, the number of cards played in the card playing task, and 
the number of commission errors made in the passive avoidance task were not significantly 
associated with externalizing behavior (see Table 2).
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6 Table 2. Main Effectsof SNPs and Impulsivity Measures on Probabilities of Externalizing Behavior Class Membership
M oderate vs Low High vs Low High vs Moderate
B SE OR B SE OR B SE OR
rs6275 .03 (.69) 1.05 .04 (4 4 ) 1.04 .0 1 (4 5 ) 1 . 0 1
rs1799978 -.27 (70) .76 .14 (.56) 1.15 .42 (.92) 1.52
rs4245149 .84 (.58) 2.31 -.24 (.6 8 ) .79 -1.07 (.52) .34*
rs12361003 .13 (45) 1.14 1.33 (.54) 3.77* 1 . 2 0 (.45) 3.31**
rs1800497a .87 (35) 2.38* 1.15 (4 1 ) 3.16** .28 (.35) 1.39
rs4938012 -.43 (.24) .65t -.77 (4 1 ) .46t -.35 (.34) .71
TRF -.03 (.07) .97 . 1 0 (.07) 1 . 1 1 .13 (.08) 1.14
Card playing task .0 1 (.0 2 ) 1 . 0 1 . 0 0 (.0 2 ) 1 . 0 0 - . 0 1 (.0 1 ) .99
Passive avoidance 
task
- . 0 0 (.03) 1 . 0 0 - . 0 2 (.03) .98 - . 0 2 (.03) .98
Notes. T p < .10, * p < .05, ** p < .01. a rs1800497 is the frequently studied T a q lA  SNP. TRF = Teacher Report Form.
Figure 3. Trajectory class membership for externalizing 
behavior as a function of ANKK1 genotype (rs1800497)
Associations betweens previously significant SNPs and impulsivity
Regressing the impulsivity measures on the T aq lA  genotype showed no significant 
associations with teacher reported impulsivity (p = .08, p = .19), the card playing task 
(p = .05, p = .40) or with the passive avoidance task (p = .10, p = .12). In addition, both 
rs4245149 and rs1236100 were not associated with teacher reported impulsivity (p = .02, 
p = .68; p = .07, p = .76, respectively), with the number of cards played in the card playing 
task (p = -.03, p = .64; p = -.05, p = .41, respectively), or with the number of commission 
errors during the passive avoidance task (p = .02, p = .81; p = -.07, p = .27, respectively).
Summarizing, three SNPs (TaqlA, rs4245149, and rs12361003) showed direct 
associations with probabilities of externalizing behavior class membership (c-paths). 
The impulsivity measures (TRF, cards playing task, passive avoidance task) were not 
significantly associated with externalizing behavior (b-paths). Additionally, there were no 
significant relationships between the SNPs (TaqlA, rs4245149, rs12361003) and the 
impulsivity measures (a-paths). As the impulsivity measures were not associated with 
externalizing behavior and the genotypes were not significantly related to the impulsivity 
measures, mediation could not have occurred (Baron & Kenny, 1986).
DISCUSSION
The current study was the first to test longitudinally whether the associations between 
several SNPs in DRD2 and ANKK1 and distinct trajectories of externalizing behavior 
from age 17 to 22 were mediated by impulsivity. First, results showed that two SNP in 
DRD2 (rs12361003 and rs4245149) and one SNP in ANKK1 (rs1800497; TaqlA ) were 
significantly related to externalizing behavior. These findings corroborate studies that also 
found a relationship between the frequently genotyped Taq lA  polymorphism and a host 
of externalizing behaviors, such as alcohol and substance dependence (Comings et al., 
1996a, Dick et al., 2007; Young et al., 2004), delinquency (Guo et al., 2007), and antisocial 
behavior (Ponce et al., 2003). The two other SNPs have received considerably less 
attention in the literature than the Taq lA  polymorphism, although Dick et al. (2007) found 
a significant association between these SNPs and alcohol dependence in an independent 
sample. Conversely, Marino et al. (2004) examined externalizing behavior with the Child 
Behavior Checklist (which is the parent-report version comparable to the YSR used in the 
present study) in younger children, and found no association with the DRD2 Taq lA  SNP 
in cross-sectional analyses. Explanations for this inconsistency in findings may have to 
do with the relatively small and young sample size, or with the cross-sectional nature of 
the Marino et al. (2004) study. In the current study, the Taq lA  (rs1800497), rs12361003, 
and rs4245149 SNPs were only associated with adolescents' externalizing behavior when 
the latter was modeled longitudinally. A closer look at pairwise associations between the 
SNPs and externalizing behavior per wave showed no significant correlations (data not 
shown). These findings emphasize the importance of examining genetic effects across 
development. They additionally imply that longitudinal data may also be used to identify 
genetic associations that may not be apparent when only cross-sectional data are available 
(see also Van der Zwaluw et al., 2010b).
As the mutual relations between all genotyped SNPs were generally low, it seems 
unlikely that the effects of the rs12361003, rs4245149, or Taq1A SNPs were caused 
by linkage disequilibrium (LD) with one of the other SNPs. This implies that the SNPs 
represent different, independent parts of the genes and that they exert different effects 
on externalizing behavior. The finding of multiple independent significant signals in a 
gene boosts confidence in the results. However, it does not imply that these SNPs are 
functionally related to the phenotype, as it is possible (and likely) that they are in LD with 
the functionally involved variants.
Second, it was found that all three impulsivity measures were not associated with the 
trajectories of externalizing behavior. Although this finding did not support our hypotheses,
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nor the known literature (e.g., Sigvardsson et al., 1987; White et al., 2001), we will raise 
some explanations for the unanticipated results. First, measurement of teacher reported 
impulsivity preceded the modeling of externalizing behavior by 5 years. Longitudinal 
research has shown that personality traits such as impulsivity are not as stable as was 
previously thought (Roberts et al., 2006; Roberts & DelVechhio, 2000). Thus, a gap of 5 
adolescent years between the measurements may just have been too big. Additionally, 
this measure of impulsivity included only teachers' reports. Perhaps parental reports or the 
child's own perspective, or a combination of several raters would have been more reliable 
in assessing impulsivity, although this raises the problem that cross-informant correlations 
are generally low (Merell, 2003). With regard to the computerized impulsivity tasks, it has 
been postulated that lab tasks are relatively state-dependent (Dick et al., 2010). As such, 
the performance on a lab task is more likely to be influenced by concurrent state-based 
factors and thus may not necessarily be an accurate reflection of the trait. To complicate 
matters, impulsivity is an extremely broad construct that comprises various different 
factors (De Wit, 2009; Evenden, 1999). Several impulsivity factors, such as delay aversion 
and sensation seeking, have been consistently shown to be associated with externalizing 
behavior such as alcohol (mis)use, whereas others, such as a lack of planning, have 
not (Dick et al., 2010). Neuroimaging studies have shown that prefrontal areas are 
predominantly responsible for behavioral disinhibition and self-regulation (Casey et al.,
2008). There is, nonetheless, not much known about the biological underpinnings of the 
different impulsivity factors, nor is there abundant information on which impulsivity factors 
are associated with different stages of externalizing behavior/disorder, leaving ample room 
for future studies.
Third, the results did not support a mediational model, in which impulsivity mediated 
the relationships between DRD2/ANKK1 polymorphisms and externalizing behavior. 
Taking the remarks on the assessment of impulsivity into account, it might also be that the 
DRD2/ANKK1 SNPs exert their effects through other mediators that perhaps more closely 
reflect the reward-based neurobiological mechanism. According to the reward deficiency 
syndrome theory (Blum et al., 1996b), dysfunctions in the dopaminergic reward system 
may lead to, for example, substance seeking behavior (e.g., alcohol, food), in order to 
stimulate dopaminergic activity in the brain. Studies have shown that DRD2 and ANKK1 
risk genotypes may indeed alter the reward system and result in decreased dopaminergic 
activity, hereby providing insight into the exact biological mechanism underlying the 
association between dopamine genes and (externalizing) behavior (e.g., Neville et al., 
2004; Volkow et al., 1995). As such, it might be that tasks or questionnaires that more 
obviously focus on reward, such as the delayed discounting task (Eisenberg et al., 2007) 
or the reward responsiveness subscale of the BIS/BAS (Carver & White, 1994), are 
better indicators of the reward deficiency syndrome and therefore more closely related 
to externalizing behavior. Eisenberg et al. (2007), for example, found that Taq1A A1 allele 
carriers had a relatively larger preference for immediate smaller rewards, compared to 
larger rewards later in time in a delayed discounting task. In addition, it also seems likely 
that the reward circuit and the impulsivity system interact with each other (Frank & Claus,
2006) and that environmental effects influence the associations between dopaminergic 
genotypes and externalizing behaviors. Studies have shown that these associations might
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be amplified (or reduced) by factors that were not included in the current study, such 
as religion, parenting, or friends' behavior (see for examples Latendresse et al., 2011; 
Koopmans et al., 1999; Van der Zwaluw et al., 2010a).
This study has some limitations that should be taken into account. The small sample 
size of particularly the high externalizing group may have resulted in power problems and 
precluded testing for gender effects. Also, since our study is the first to test mediation 
effects of impulsivity in the association between DRD2/ANKK1 SNPs and externalizing 
behavior, replication in larger samples is warranted.
Concluding, we found direct effects of three SNPs in DRD2/ANKK1 on externalizing 
behavior, one of them being the frequently genotyped Taq1A SNP. As the SNPs were 
not associated with impulsivity, and impulsivity showed no association with externalizing 
behavior, mediation did not occur. This suggests that the association between DRD2/ 
ANKK1 and externalizing behavior is not mediated by impulsive behavior, at least as 
measured by the tasks studied here. The current study supports the notion that future 
gene-association studies should apply a developmental approach.
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Beer is
the cause and solution 
to all of life's problems
Homer Simpson
CHAPTER 7
The relation between a polymorphism in the 
serotonin transporter gene (SLC6A4) and the 
development of alcohol use in adolescence
Published as:
Van der Zwaluw CS, Engels RCME, Vermulst AA, Rose RJ, Buitelaar J, Franke B, Verkes RJ, Scholte 
RHJ (2010) A serotonin transporter polymorphism (5-HTTLPR) predicts the development of 
adolescent alcohol use. Drug and Alcohol Dependence 112:134-139
ABSTRACT
Because the effects of susceptibility genes on alcohol use may differ as a function of age 
throughout adolescence and young adulthood, prospective study designs, in addition to 
cross-sectional ones are needed in genetic association studies. The short, low activity allele 
of a polymorphism (5-HTTLPR) in the serotonin transporter gene (SLC6A4) has been related 
to alcohol dependence. In the current study we tested whether 5-HTTLPR genotype was 
associated with adolescent alcohol use both cross-sectionally and longitudinally. Non-regular 
drinkers (n = 202) were selected from a Dutch, nationwide sample of adolescents (mean age 
13.4 at baseline) who were assessed across five annual waves. Latent growth curve modeling 
was applied to examine individual development of alcohol use over time, by estimating the 
initial level of alcohol use at Wave 2 (intercept), and the rate of change in alcohol use across 
time (slope). The 5-HTTLPR short allele predicted adolescents' growth (slope) in alcohol use 
over time. Adolescents with the 5-HTTLPR short allele showed larger increases in alcohol 
consumption than those without the 5-HTTLPR short allele. 5-HTTLPR genotype was not 
related to the initial level (intercept) of alcohol consumption. In all analyses we controlled 
for sex and personality. To gain more insight into the etiological role of genetic determinants 
of adolescent alcohol use, developmental approaches that distinguish between onset and 
continuation of drinking should be applied.
INTRODUCTION
In most Western societies, alcohol use is widespread among adolescents and young 
adults. The average adolescent drinks his first alcoholic beverage at the age of 13 
(Hibell et al., 2004). Subsequently, alcohol use increases during adolescence and young 
adulthood (Duncan et al., 1997), until it stabilizes or decreases at the age of approximately 
25 (Poelen et al., 2005). Most youngsters experiment with alcohol at one point during 
adolescence. Some, however, progress easily into elevated levels of drinking (Duncan 
et al., 1997), putting themselves at risk for deleterious problems, such as work-related 
problems, physical and mental health problems, and drug addiction later in life (e.g., 
Duncan et al., 1997; Newcomb et al., 1992). In the search for etiological factors, twin 
studies have convincingly demonstrated genetic influences on regular alcohol use, alcohol 
dependence, and on the transition from onset of alcohol use to alcohol dependence (e.g., 
Goldman et al., 2005; Liu et al., 2004; Pagan et al., 2006).
The serotonergic system has been one of the key targets in examining the genetic 
bases for alcohol use and dependence. Although the exact role of serotonin (5-HT) in 
alcohol use and abuse remains unclear, evidence exists that serotonin deficits in the brain 
result in alcohol-seeking behavior in humans and animals (for overviews, see LeMarquand 
et al., 1994a,b). Serotonin availability in the brain is partly influenced by the serotonin 
transporter protein (5-HTT), which terminates synaptic serotonergic activity by the 
reuptake of serotonin into presynaptic neurons. A 44-bp insertion/deletion polymorphism 
(5-HTTLPR) located in the promoter region of the serotonin transporter gene (SLC6A4/ 
SERT/5-HTT) has been a prime candidate for genetic association studies on alcohol 
abuse risk. Relative to the 5-HTTLPR long (l) allele, the short (s) allele decreases the
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transcriptional activity of 5-HTTLPR, resulting in reduced 5-HTT binding, expression and 
5-HT uptake in lymphoblasts (Hariri and Holmes, 2006; Lesch et al., 1996). In a meta­
analysis on 17 studies involving 3,489 adult alcohol-dependent subjects and 2,325 adult 
control participants, Feinn et al. (2005) showed that the 5-HTTLPR s allele was significantly 
associated with alcohol dependence (OR = 1.18, 95% CI = 1.03-1.33).
With respect to the association between 5-HTTLPR genotype and alcohol use in 
adolescence and young adulthood, findings are mixed. Some studies have shown 
relationships between the 5-HTTLPR s allele and early alcohol use (Kaufman et al., 2007), 
binge drinking (Herman et al., 2003, 2005), and drinking to get drunk (Herman et al., 2003). 
Nilsson et al. (2005) found that adolescents with the heterozygous 5-HTTLPR s/l genotype 
consumed more alcohol than those with the s/s or l/l genotypes. Others, however, did not 
find an effect of 5-HTTLPR genotype on drinking behavior (Gacek et al., 2008; Hopfer et 
al., 2005). Guo et al. (2007) examined both adolescents and young adults, and found that 
the 5-HTTLPR s allele was significantly related to higher levels of alcohol use in young 
adulthood, but not in adolescence. Lastly, Olsson et al. (2005) even found a protective 
effect of the 5-HTTLPR s allele on binge drinking in young adulthood.
As the magnitude of genetic influences on substance use differs with age and stage 
of substance use (Kendler et al., 2008; Pagan et al., 2006), a developmental perspective 
needs to be adopted (Van der Zwaluw and Engels, 2009). Because cross-sectional 
designs do not distinguish between onset and continuation of drinking, genetic effects 
may be overlooked, especially if they differ by stage of use. With sophisticated statistical 
approaches like growth curve modeling at hand (Bollen and Curran, 2006), differential 
effects of genetic markers on different stages of use can be assessed. So far, however, no 
longitudinal research has tested the role of 5-HTTLPR genotype in actual development of 
alcohol consumption in adolescence.
In the current study we examined the association between the 5-HTTLPR genotype 
and development of alcohol use throughout adolescence and young adulthood, fitting 
a longitudinal growth curve model to five waves of annual assessments. Because both 
alcohol misuse and the 5-HTTLPR genotype have been frequently associated with 
affective disorders and neuroticism (e.g., Greenberg et al., 2000; Lesch, 2005; Schinka 
et al., 2004; Sullivan et al., 2005), we controlled for depressive feelings and Big Five 
personality traits (i.e., extraversion, agreeableness, conscientiousness, neuroticism, and 
openness) in our analyses.
METHOD
Participants and procedure
Participants were 428 Dutch adolescents (52% female) of mainly Caucasian descent, 
with an average age of 13.4 years (range: 13-15 years, SD = .50) at Time 1 (T1). The 
adolescents were recruited for the longitudinal Family and Health study (see for more 
details on the sample selection, Harakeh et al., 2005; Van der Vorst et al., 2005). Across 
the five assessments, 416 (97%), 401 (94%), 338 (79%), and 305 (71%) adolescents 
participated at Time 2 (T2), Time 3 (T3), Time 4 (T4), and Time 5 (T5), respectively. At T4, 
saliva samples were collected using Oragene containers (Oragene, DNA Genotek Inc., 
Ottawa, Ontario, Canada). Of the 338 adolescents who participated at T4, 311 consented
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to genotyping. Attrition analyses were conducted to examine whether adolescents who 
remained participants in the study at T5 (n = 305; 71%) differed from those who did not 
(drop-outs; n = 123; 29%). No significant differences (p > .05) in alcohol use at T1, gender, 
ethnicity or age were found between participating and drop-out adolescents. Participating 
adolescents did report a higher level of education at T1 than drop-outs (x2(5) = 20.18, p 
= .001).1 To examine whether model variables predicted the transition from non-regular 
drinking to initiation and subsequent development of regular alcohol consumption, we 
selected those adolescents at T1 who were non-regular drinkers (i.e., those who had 
stayed abstinent in the week preceding the questionnaire) (cf. Van der Zwaluw et al.,
2009). From this sample of non-regular drinkers (n = 290), genetic data were available for 
two-third of the sample (n = 202). Approval for the data collection was obtained from the 
Central Committee on Research Involving Human Subjects in The Netherlands.
Genotyping
Genotyping of the 5-HTTLPR polymorphism in the SLC6A4 (5-HTT, SERT) gene was 
performed by simple sequence length analysis. PCR was carried out on 50 ng genomic 
DNA using 10 pmol of forward primer (5'-GGCGTTGCCGCTCTGAATGC-3') and 10 pmol 
reverse primer (5'-GAGGGACTGAGCTGGACAACCAC-3'), 0.25 mM dNTPs, 0.5 U Taq 
DNA polymerase (Invitrogen, Breda, The Netherlands) in a PCR buffer containing 0.3 M 
Tris-HCl (pH 8.5), 75 mM ammonium sulfate and 7.5 mM MgCl2. The cycling conditions 
for the PCR started with 5 min at 92°C, followed by 35 cycles of 1 min at 92°C, 1 min at 
the optimized annealing temperature (57.5°C), and 1 min 72°C, then followed by an extra
5 min at 72°C. PCR products were analyzed on a 2% agarose gel. The amplification 
yielded distinct bands at 484 bp (short “s” allele) and 528 bp (long “ l” allele). 5% duplicates 
and blanks were taken along as quality controls during genotyping. No deviations from 
Hardy-Weinberg equilibrium (HWE) were detected (p = .96), as was estimated with 
the GENEPOP Markov-Chain Monte-Carlo approximation of the exact test (Raymond 
and Rousset, 1995). To maximize the power of the analyses, 5-HTTLPR genotype was 
dummy-coded into 1 (long/long) and 2 (short/long and short/short) (cf. Greenberg et al., 
2000; Schinka et al., 2004; Skowronek et al., 2006).
Measures
Adolescent alcohol use. Alcohol use of adolescents was self-reported and measured 
with one measure, which consisted of four sub-questions (Engels et al., 1999b): 'How 
many alcoholic drinks did you consume in the past week at home on weekdays?', 'How 
many alcoholic drinks did you consume in the past week at home during the weekend?', 
'How many alcoholic drinks did you consume in the past week when you were out on 
weekdays?', and 'How many alcoholic drinks did you consume in the past week when 
you were out during the weekend?'. Asking about these four specific situations forces 
respondents to actively 'search' their memory, which is supposed to increase the reliability 
of their response (Van der Vorst et al., 2006b). The four answers were summed to 
represent the amount of alcohol consumed in the past week. This measure has been used 
frequently and reliably in other studies (e.g., Spijkerman et al., 2007; Van der Vorst et al., 
2006b; Van Zundert et al., 2006), and it has shown high validity (Bot et al., 2005). Because 
of the skewed distribution of this variable, total scores were categorized into 7 groups (0
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= 0 glasses, 1 = 1-2 glasses, 2 = 3 -5  glasses, 3 = 6 -10  glasses, 4 = 11-20 glasses, 5 = 
21-30 glasses, 6 = 31 glasses and above) (cf. Van der Zwaluw et al., 2008).
Personality. Adolescent personality was measured at T1 with the Quick Big Five (Vermulst 
and Gerris, 2005). Adolescents had to indicate to what extent 30 personality items (e.g., 
nervous, quiet, friendly) fitted their own personality on a scale from 1 'does not fit at all’ 
to 7 'fits totally.’ Internal consistencies for the 5 personality dimensions (extraversion, 
agreeableness, conscientiousness, neuroticism, openness) were sufficient (.65 < a < .84).
Depressive feelings. The Depressive Mood List (Kandel and Davies, 1982) was used to 
measure depressive feelings at T1. Adolescents reported how often they had experienced 
negative feelings (e.g., feeling unhappy, sad or depressed) in the past 12 months, on a 
scale from 1 'never' to 5 'always'. Cronbach's alpha was .77.
Statistical analyses
Descriptives and Pearson’s correlation coefficients of the model variables were 
calculated with the 17th version of the Statistical Package of Social Sciences (SPSS). 
Structural equation modeling (SEM) in Mplus package 5.1 (Muthen and Muthen, 1998­
2007) was used to carry out subsequent analyses. With a latent growth curve model, 
we examined individual development of alcohol use over time, by estimating the initial 
level of alcohol use at T2 (intercept), and the rate of change in alcohol use from T2 to 
T5 across time (slope). In the linear latent growth curve model, the relation between the 
observed repeated measures and the latent factors intercept and slope is expressed in 
the factor loading matrix. The loadings are fixed to 1 for the intercept factor and fixed 
to 0, 1, 2, and 3 for the slope factor. In this way individual variation in both the onset of 
alcohol consumption and the progression of drinking is captured. Adolescent alcohol use, 
however, did not augment in a linear way, causing an insufficient model fit. Adding cubic or 
quadratic trends to the model did not improve model fit. We applied an alternative method 
of non-linear curve fitting by estimating factor loadings of the slope factor: the freed- 
loading latent growth curve model. The first loading was set to zero, and the second to 1 to 
set the metric of the latent factor. The remaining two factor loadings were freely estimated 
(Bollen and Curran, 2006, p. 98). In a non-linear model such as this, the intercept can still 
be interpreted as a starting value. The slope, however, is time-dependent, meaning that 
a positive mean slope indicates that the trajectory is increasing over time as long as the 
corresponding factor loading is positive (Bollen and Curran, 2006, p. 102). Inspection of 
factor loadings shows the exact development from time point to time point. To deal with 
missing values, the model parameters were estimated with the Full Information Maximum 
Likelihood (ML) estimator.
In the first growth model without predictors, the intercept and slope of adolescent 
alcohol use were determined. In the second model we examined whether gender, 
education (at T1), and 5-HTTLPR genotype predicted onset and slope of alcohol use. 
The interaction between gender and 5-HTTLPR genotype was added in a second step 
to examine whether the model differed between males and females. In an additional 
model, we controlled for possible confounding effects of the adolescent's personality and 
depressive feelings. Again, the interaction between gender and 5-HTTLPR genotype was 
added in the second step. Model fit was assessed by the chi-square test, the Comparative 
Fit Index (Bentler, 1990) and the Root Mean Square of Approximation (Byrne, 1998).
It
112
7
RESULTS
Descriptives and correlations
Descriptives of model variables are shown in Table 1. Genotype frequencies did not 
differ significantly between males and females (x2(2) = 3.07, n.s.) and were consistent with 
frequency distributions in other Caucasian samples (Covault et al., 2007; Nilsson et al., 
2005; Olsson et al., 2005). Table 2 shows that 5-HTTLPR genotype was not significantly 
associated with alcohol use at any time point (-.09 < r < .09, n.s.). Alcohol use was 
moderately correlated with alcohol consumption at later waves (.22 < r < .45, p < .05). 
Agreeableness was negatively related with alcohol use at T4 and T5 (r = -.14 and r = -.17 
respectively, p < .05) and positively with 5-HTTLPR genotype (r = .17, p < .05). The other 
personality traits and depressive feelings showed no significant correlations with alcohol 
use or 5-HTTLPR genotype (see Table 2).
Table 1. Descriptives
Non-regular drinkers T1 (N = 202)
Gender, male 97 (48%)
Education, median (range) 3 (1-4)
5-HTTLPR l/l 65 (32%)
5-HTTLPR s/l 95 (47%)
5-HTTLPR s/s 42 (2 1 %)
Alcohol use (# glasses) T1 0
Extraversion, mean (SD) 4.73 (103)
Agreeableness, mean (SD) 5.35 (76)
Conscientiousness, mean (SD) 4.07 (1.09)
Emotional stability, mean (SD) 4.17 (99)
Openness, mean (SD) 4.79 (.85)
Depressive feelings, mean (SD) 2.45 (.69)
Growth models
The basic growth model without predictors showed a reasonable fit to the data (see 
Table 3 for all model fits). The mean intercept and slope were significant (I = .76 and S 
= .62, p < .001), indicating that the average starting value was significantly different from 
zero, and that levels of adolescent alcohol use increased significantly over time. Slope 
factor loadings were .00, 1.00, 2.46, and 2.51 at T2, T3, T4, and T5, respectively, which 
would have been 0, 1, 2, and 3 in a linear model. These slope factor loadings indicate that 
the increase in alcohol use from T3 to T4 was substantial (1.46), while growth from T4 to 
T5 was close to zero (.05). Variances of intercept and slope were .90 (p < .001) and .32 
(p < .05), respectively, indicating individual differences in intercept and nonlinear rate of 
change.
The second model showed that neither adolescents' gender, level of education nor 
5-HTTLPR genotype was significantly related to alcohol use intercept (Table 3). Also 
the interaction between 5-HTTLPR genotype and gender was not significant, indicating 
that the model was similar for males and females. Adolescent gender and 5-HTTLPR
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significantly predicted development (slope) of adolescent alcohol use (p = -.32, p < .001 
and p = .20, p < .05, respectively); males and adolescents with the 5-HTTLPR s allele 
showed larger increases in alcohol consumption than girls and adolescents without the 
5-HTTLPR s allele. Level of education and the interaction between gender and 5-HTTLPR 
genotype were not significantly related to drinking development.2
Model three showed that adding adolescents' personality and depressive feelings to 
the model did not change the effect of 5-HTTLPR genotype on the development of alcohol 
use, which remained positive and significant (p = .22, p < .05). Depressive feelings and 
personality did not significantly predict intercept or slope of adolescent alcohol use (Table 
3).
Table 2. Pearson's Correlations
1 2 3 4 5 6 7 8 9 10
1. Alcohol time 2
2. Alcohol time 3 .3 7 ***
3. A lcohol time 4 .2 2 ** .42***
4. A lcohol time 5 . 0 2 .36*** .45***
5. 5-HTTLPR genotype -.09 .08 . 0 2 .09
6. Extraversion .04 .05 .0 1 .07 .03
7. Conscientiousness -.08 -.05 - . 0 2 . 0 0 .04 . 0 1
8 . Agreeableness -.08 -.06 -.14* -.17* .17* .2 0 *** .29***
9. Emotional stability . 0 1 -.05 - . 0 1 .05 -.08 .45*** . 0 2 - . 0 2
10. Openness .04 .04 -.03 -.03 - . 0 0 .09 .30*** .52*** -.07
11. Depressive feelings -.04 .07 -.03 -.03 -.03 -.31 -.17** -.15* -.47*** -.12*
Note: 5-HTTLPR: 1 = long/long genotype, 2 = long/short and short/short genotypes. *p < .05, ** p < .01, *** p < .001
DISCUSSION
Because the effects of susceptibility genes on alcohol use may differ as a function 
of age throughout adolescence and young adulthood (Guo et al., 2007; Kendler et al.,
2008), genetic association studies including a developmental design are highly informative 
(Van der Zwaluw et al., 2009). Therefore, we tested whether a polymorphism (5-HTTLPR) 
in the promoter region of the serotonin transporter gene influenced the development of 
adolescent alcohol use over time. Results showed that adolescents with the 5-HTTLPR 
short (s) allele developed higher levels of alcohol consumption over time than long (l) 
allele carriers. 5-HTTLPR genotype did neither affect the initial level of adolescent alcohol 
use, nor was it associated with alcohol consumption at any separate time point, when 
examined cross-sectionally.
Although several cross-sectional studies have reported an increased risk for alcohol 
(ab)use in youths with the 5-HTTLPR s allele (Herman et al., 2003, 2005; Nilsson et 
al., 2005), negative results from other studies (e.g., Gacek et al., 2008; Hopfer et al.,
2005) do not enable us to draw firm conclusions about the role of 5-HTTLPR genotype 
in adolescents' and young adults' alcohol use. The current study extends the existing 
literature by showing that the 5-HTTLPR polymorphism is associated with the development 
of alcohol use from early to late adolescence. We are not aware of other studies that have
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Table 3. Growth Model, Standardized Estimates
Basic Model 5-HTTLPR Personality
I S I S I S
Growth estimates .763 .623
Step 1
Gender - . 0 2 -.32** . 0 1 -.32**
Education - . 0 1 .13 - . 0 1 .15
5-HTTLPR -.09 .2 0 * -.07 .2 2 *
Extraversion .08 .08
Agreeableness -.15 -.18
Conscientiousness - . 1 0 .1 1
Emotional stability -.05 -.05
Openness .14 . 0 2
Depressive feelings -.04 .04
Step 2
Gender x 
5-HTTLPR
-.05 -.15 -.05 -.18
R2 . 0 1 .16* .04 .19*
X2  (df) 9.79* (3) 15.90 (9) 30.23 (21)
CFI .94 .95 .93
RMSEA .09 .05 .04
Note: I = intercept. S = slope. CFI = Comparative Fit Index. RMSEA = Root Mean Square of Approximation. Gender: 
1 = male, 2 = female. 5-HTTLPR: 1 = long/long genotype, 2 = long/short and short/short genotypes. * p < .05, ** p 
< .0 0 1 .
examined relationships between genetic polymorphisms in the serotonin transporter gene 
and adolescents' alcohol use from a developmental perspective, leaving ample room for 
future prospective studies.
It is important to emphasize that we did not find an effect of 5-HTTLPR genotype on the 
initial level (intercept) of alcohol use, while the 5-HTTLPR s allele did influence the course 
of alcohol use throughout adolescence. This implies that cross-sectional levels of behavior 
and its longitudinal development should not be considered similar, as they possibly are 
preceded by different biological mechanisms. Several scholars have proposed that (early) 
changes in serotonin homeostasis are involved in the physiopathology of later psychiatric 
diseases, such as mood disorders and alcohol addiction (Ansorge et al., 2004; Gaspar 
et al., 2003). These psychiatric disorders may reflect changes in brain structures or mis- 
wiring of brain connections caused by genetically driven variation in serotonin functioning 
(Hariri and Holmes, 2006). As the 5-HTTLPR low activity alleles (s and lg) result in a 
relative loss of 5-HTT functioning and in decreased 5-HT reuptake, this may influence 
brain structures and brain functioning. Neuro-imaging studies have demonstrated that 
5-HTTLPR s allele carriers show reduced grey matter volume in limbic brain areas, in the 
prefrontal cortex and in structures connecting the amygdala to prefrontal areas (Frodl et 
al., 2008; Pezawas et al., 2005). This might result in abnormalities in functional connectivity 
between the prefrontal cortex and the amygdala during emotional processing (Hariri and 
Holmes, 2006). Pacheco et al. (2009) found that the 5-HTTLPR low activity alleles (s
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and lg) were associated with a decrease in white matter in the pathway that connects 
the anterior temporal lobe and the amygdala to the inferior parts of the frontal lobes (for 
a summary, see Jasinska and Perkins, 2009). In short, these findings indicate that the 
5-HTTLPR s allele affects several brain structures that are engaged in (a.o.) anxiety and 
emotion regulation. Disorders in these areas have, in turn, been associated with alcohol 
abuse and dependence in numerous population studies (e.g., Davidson and Ritson, 1993; 
Kessler et al., 1997; Kushner, Sher, and Beitman, 1990; Schuckit, 1986).
Changes in brain structures and functioning may also be caused by serotonergic gene­
environment interactions (Young et al., 2007). For example, Andersen and Teicher (2009) 
proposed that (early) life stress predisposes individuals to an increased risk for substance 
abuse via a highly reactive hypothalamic-pituitary-adrenal axis (HPA) and via structural 
changes in brain structures such as the hippocampus, nucleus accumbens and prefrontal 
cortex. Andersen and Teicher (2009) also state that a certain level of maturation of the 
brain is needed for the effects of the stress exposure to manifest, making adolescence, in 
which particularly the prefrontal lobes and white matter cohesion are still maturing (e.g., 
Casey, 2000), a very vulnerable period for the initiation of substance addiction. In addition, 
evidence is emerging that indicates that 5-HTTLPR s allele carriers are less able to cope 
with stress than individuals homozygous for the l allele. In the study of Caspi et al. (2003) 
5-HTTLPR s allele carriers exhibited a higher risk for depression if they experienced 
several stressful life events. Also among rhesus macaques, s allele carriers showed an 
increased risk for depression if they were reared in a stressful environment (Barr et al., 
2004b). Also on a neurological level it has been found that persons with the 5-HTTLPR low 
activity allele respond differently to environmental stimuli. For example, s allele carriers 
generally show a heightened amygdala reactivity to fearful and angry faces, compared 
to individuals with the l/l genotype (Hariri et al., 2002, 2005). This exaggerated amygdala 
response has been shown in healthy individuals, as well as in persons with panic disorder 
or social phobia (see Hariri and Holmes (2006) for an overview).
Although we controlled for depressive feelings and neuroticism in our analyses it 
remains plausible that the mechanism behind the 5-HTTLPR-alcohol association is at least 
partly represented by developmental serotonin-related changes in the emotional system 
in the teenage years. Future longitudinal studies examining the relationships between 
5-HTTLPR genotypes and the development of adolescents' alcohol use are likely to shed 
more light on these puzzles, for example by including (physiological) measures of stress 
response as an endophenotype (Lesch, 2005).
The results of our study should be interpreted in the context of its limitations. First, as 
the adolescents self reported on their alcohol consumption, under- or over-reporting may 
have occurred. Engels et al. (2007), however, showed that self-reports on alcohol use 
are a reliable source of information. Additionally, the assessment of alcohol consumption 
was limited to a single measure (i.e. intensity of alcohol use in the past week). We do not 
know whether the results translate to other measures of (risky) alcohol use, such as binge 
drinking. Future studies should attempt to elaborate on this issue. Also, in the growth 
curve analysis, gender, level of education, and 5-HTTLPR genotype together explained 
16% of the variance of the development of adolescent alcohol use over time. Although 
this is similar to the amount of variance explained in other studies (e.g., 11% in Nilsson
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et al., 2005), it should be recognized that the effect of the examined polymorphism is 
small and should not be over-interpreted. Further, we cannot rule out that the 5-HTTLPR 
variable number of tandem repeats (VNTR) polymorphism is in linkage disequilibrium with 
another functional variant in SLC6A4, which might be causing the significant effect on 
adolescent alcohol use. Gelernter et al. (1999) found the 5-HTTLPR VNTR to be in linkage 
disequilibrium with the STin2 VNTR polymorphism of SLC6A4 in several populations from 
different ancestries. In addition, it is very plausible that other genetic loci and environmental 
factors add to the risk for alcohol misuse during adolescence by epistasis (e.g., Herman et 
al., 2005) and gene-environment effects (e.g., Nilsson et al., 2005). The next step should 
be to examine these interaction effects in a longitudinal design. For example, Dick et al.
(2009) found that the GABRA2 gene interacted with parental monitoring in influencing 
different developmental trajectories of adolescents' externalizing behavior.
In conclusion, in a multi-wave longitudinal study, we found that the short allele of the 
5-HTTLPR polymorphism is associated with a steeper increase in adolescent alcohol use 
over time than the 5-HTTLPR long allele. As this is, to our best knowledge, the first study to 
examine these effects prospectively with a latent growth curve method, replication studies 
are essential. Future longitudinal studies will be needed to comprehend how the risk for 
alcohol misuse unfolds across developmental stages.
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1 The Dutch school system differs from that of other countries in Europe, Asia or the US. In 
the Netherlands, after primary school (at the age of 12), children can continue their school 
career in four different levels of secondary education. They are selected for one of these 
levels, or a combination of two levels, mainly based on their achievements in primary 
school. The different levels are comparable with the different tracks of a public high school 
in the US, although they may not be completely interchangeable. In the current study 
the level of education was measured with one question: What kind of education do you 
currently follow? Because the population study of Monshouwer et al. (2008) showed that 
substance use is significantly higher among Dutch pupils who follow lower educational 
levels, we controlled for this possibly confounding factor in the analyses.
2 Additionally, we tested whether the other candidate SNPs that were included in the 
Family and Health Study predicted the development of alcohol use over time. Please see 
the Appendix for the results.
3 The analyses were carried out on a subsample of adolescents who reported to be non­
regular drinkers at the age of thirteen, to allow for the starting point and the development 
of regular drinking over time to be predicted. Additionally, the same analyses were carried 
out on the entire sample of genotyped adolescents (n = 311). However, 5-HTTLPR 
genotype did not predict the slope of adolescents' alcohol use over time in this sample. 
An explanation for this might be that adolescents who are already weekly drinkers at the 
age of 13, may be considered a somewhat more deviant subgroup of early onset drinkers. 
For example, a study by McGue et al. (2001) showed that age at first drink is associated 
with a wide range of psychopathology and behavioral disinhibition, such as illicit drug use 
and dependence, conduct disorder, and hyperactivity/impulsivity. So it is likely that other 
(genetic) factors play a role in the etiology of alcohol consumption of this subgroup of 
adolescents. Future studies should focus on more risk drinking behaviors, such as early 
onset and alcohol abuse and dependence.
FOOTNOTES
Appendix. Growth Curve Model Including 
the Effects of the Other Candidate SNPs
Intercept Slope
Gender - . 0 2 -.32**
Education - . 1 1 .18*
DRD2 -.08 .04
DRD4 .08 -.03
OPRM1 .04 -.15
DAT1 .1 1 . 0 2
Note. * p < .05, ** p < .0 0 1 .
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CHAPTER 8
Interaction between the dopamine D2 
receptor gene and parental rule-setting 
on adolescent alcohol use
Published as:
Van der Zwaluw CS, Engels RCME, Vermulst AA, Franke B, Buitelaar J, Verkes RJ, Scholte RHJ 
(2010) Interaction between dopamine D2 receptor genotype and parental rule-setting in 
adolescent alcohol use: evidence for a gene-parenting interaction. Molecular Psychiatry 
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ABSTRACT
Association studies investigating the link between the dopamine D2 receptor gene (DRD2) 
and alcohol (mis)use have shown inconsistent results. This may be due to lack of attention 
for environmental factors. High levels of parental rule-setting are associated with lower 
levels of adolescent alcohol use and delay of initiation of drinking. We tested whether DRD2 
TaqI A(rs180 0497) genotype interacts with alcohol-specific parenting practices in predicting 
the uptake of regular adolescent alcohol use. Non-regular drinkers were selected from a 
Dutch, nationwide sample of 428 adolescents (mean age 13.4 at baseline) and participated 
in a prospective, community-based study with three annual waves. Parental rule-setting was 
directly and inversely related to adolescent alcohol use over time. For DRD2 genotype no 
significant main effect was found. DRD2 genotype interacted with parental rule-setting on 
adolescent alcohol use over time: Adolescents with parents highly permissive towards alcohol 
consumption and carrying a genotype with the DRD2 A1 (rs180 0497T) allele, used significantly 
more alcohol over time than adolescents without these characteristics. The DRD2 genotype 
may pose an increased risk for alcohol use and abuse, depending on the presence of 
environmental risk factors, such as alcohol-specific parenting.
INTRODUCTION
Alcohol use is common among adolescents and young adults in most Western 
European countries (Andersson et al., 2007). In The Netherlands, life-time prevalence of 
alcohol use among 12 to 15 year-olds is 88.4% for boys, and 85.5% for girls (Poelen et al.,
2005). Of those European adolescents who start drinking before the age of 16, boys are
12.3 years old when they consume their first alcoholic drink, and girls are on average 12.0 
years old (Currie et al., 2004). Behavioral genetic studies with twin designs have shown a 
significant genetic component not only in alcohol dependence (explained variance 58%; 
Goldman et al., 2005), but also in regular alcohol use (43%; Prescott et al., 1994a) and 
alcohol-related problems (38.5%; Prescott et al., 1994b). In addition, a genetic component 
of approximately 30% has also been identified for initiation of drinking (Fowler et al., 2007; 
Pagan et al., 2006; see for an overview: Poelen et al., 2008).
In attempts to unravel this genetic basis, molecular genetic studies have focused 
on specific genes associated with alcohol use and dependence. The dopamine system, 
especially the dopamine D2 receptor gene (DRD2), has been the main candidate in 
association studies. Several lines of research have suggested the role of dopamine in 
alcohol use and dependence. First, alcohol activates dopaminergic pathways in the limbic 
system (nucleus accumbens, basal ganglia) and prefrontal cortex (Berridge & Robinson, 
1998). Pierce and Kumaresan (2006) suggested that alcohol generates its reinforcing effect 
by increasing the firing rate of dopaminergic neurons in the ventral tegmental area, which 
leads to enhanced dopaminergic activity in the nucleus accumbens. Second, Noble et al. 
(1991) proposed that persons with lower dopamine levels in the brain would compensate 
for this reduced sense of reward by drinking alcohol. Alcohol-dependent persons indeed 
have lower levels of striatal dopamine D2 receptors availability than control persons 
(Volkow et al., 1996), which might lead to increased compensatory drinking behavior
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(Blum et al., 1996b). Third, D2-like dopamine receptor antagonists, such as raclopride and 
eticlopride reduce alcohol self-administration in rats (Samson & Chappell, 2004).
Given the evidence that highlights the role of dopamine in alcohol use and addiction, 
genetic changes causing altered functioning of the dopaminergic systems might 
contribute to the development of alcohol use, misuse and dependence. One specific 
single nucleotide polymorphism (TaqI A, rs1800497 C->T) in the dopamine D2 receptor 
gene has been examined in a large number of association studies for its relation with 
alcohol dependence or alcohol use, mainly with case-control designs in adults. Various 
studies have shown evidence for an association (e.g., Berggren et al., 2006; Foley et 
al., 2004, see for meta-analyses Munafo et al., 2007; Noble, 2003), while others have 
not (e.g., Dick et al., 2007e; Gelernter & Kranzler, 1999; Yang et al., 2007b). Few of 
these studies have included adolescent samples. Guo and colleagues (2007) tested 
whether associations between several polymorphisms, among which the DRD2 variant, 
and alcohol consumption differed for adolescents and young adults. The DRD2 A1 allele 
appeared to be significantly associated with alcohol consumption in young adulthood but 
not in adolescence.1 However, the lack of direct genetic effects in adolescence does not 
mean that DRD2 genotype could not be indirectly related to alcohol use. Adolescence is 
a developmental period in which complex environmental influences within and outside 
the family co-determine the initiation and use of alcohol (e.g., Fowler et al., 2007; Pagan 
et al., 2006). In other words, certain genetic polymorphisms may increase the likelihood 
that a person will develop alcohol dependence or will start using alcohol very early, but 
the actual manifestation of the disorder or habit might depend on environmental factors 
(Rutter, 2006; Rutter & Silberg, 2002), a so-called gene-environment (GxE) interaction.
In the past decade, various studies have examined the interaction between genetic 
polymorphisms and adverse environments, such as stressful events (Bau et al., 2000; 
Caspi et al., 2003; Madrid et al., 2001), parental maltreatment (Caspi et al., 2002; Nilsson 
et al., 2007, 2008), negative family relationships (Nilsson et al., 2005), and inadequate 
parenting (Sheese et al., 2007) on adolescent engagement in problem behaviors. 
Regarding adolescent alcohol use, no studies are available that have tested interactions 
between genes implicated in the dopaminergic system and environmental factors. In adult 
populations, those studies that have included both dopaminergic genetic factors and 
environmental variables were cross-sectional and often used retrospective data, making 
them unable to determine direction of effect and prone to recall biases (Manolio et al.,
2006).
It is well established that parenting practices affect adolescent initiation of drinking 
and adolescents' progression to regular alcohol use (Baumrind, 1991). For example, 
higher levels of parental control and parental monitoring have been associated with less 
heavy drinking of adolescents (e.g., Stice & Barrera, 1995). Recent studies have focused 
on alcohol-specific socialization practices, which refer to specific ways in which parents 
deal with the alcohol use of their offspring. A key finding involves the effect of alcohol- 
specific rules from parents on adolescent drinking. That is, high levels of alcohol-specific 
rule-setting decrease adolescents' alcohol use and delay adolescents' onset of drinking 
(Jackson et al., 1999; Van der Vorst et al., 2005; Wood et al., 2004; Yu, 2003). If we are 
to consider low levels of parental rule-setting towards adolescent drinking as an adverse
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environmental factor and acknowledge that adolescent behavior varies in response to 
parental rules, then gene-environment interactions might be expected (Moffitt et al., 2006). 
The effect of alcohol-specific rule-setting may only be prominent in adolescents who 
possess a certain genetic susceptibility to alcohol (mis)use.
The current study extends the existing literature by examining interaction effects 
between DRD2 genotype and parental rule-setting on adolescent alcohol use. The focus 
is on the early initiation phase of adolescent drinking, using a longitudinal three-wave 
design. We selected those adolescents who had not started drinking alcohol on a regular 
basis, and examined their drinking behavior over time. We hypothesized that parental rule- 
setting would be inversely related to the uptake of alcohol consumption in adolescence 
(e.g., Jackson et al., 1999; Van der Vorst et al., 2005; Wood et al., 2004). We also expected 
that DRD2 genotype would not be directly related to adolescent drinking (see Guo et al.,
2007), but would moderate the association between parental rule-setting and adolescent 
alcohol use. To minimize possibly confounding effects of parental alcohol use (Chassin et 
al., 1996), general parenting practices of control and supervision (Stice & Barrera, 1995), 
personality of the adolescent (Cloninger et al., 1988), and adolescent smoking (Pohjanpaa 
et al., 1997) additional analyses were carried out in which we controlled for these variables.
METHOD
Participants and procedure
Participants were 428 Dutch adolescents with an average age of 13.4 years 
(range 13-15 years) at inclusion (T1). The adolescents participated in the longitudinal 
Family and Health study, which was designed in 2002 to measure various socialization 
processes underlying health-related adolescent behaviors (Van der Vorst et al., 2005). Via 
municipalities in The Netherlands, approximately 5,000 families, consisting of both parents 
and two adolescents, were approached to participate in the Family and Health study. A total 
of 885 families agreed to participate. Those families in which the family members were not 
biologically related, had physical or mental disabilities, or in which the children were twins, 
were excluded. In addition, to accomplish an equal distribution of sibling dyads (girl-girl, 
girl-boy, boy-boy, boy-girl) a further selection was made. As such, a total of 428 families 
were included at T1. Attrition was low, with 416 families (97%) participating in wave two 
(T2), and 404 (94%) in wave three (T3). Of the two adolescents in each participating family 
we only used data of the youngest adolescent.
Families participated by annually filling in extensive questionnaires. Each year they 
were visited by trained interviewers, who made sure that the questionnaires were filled out 
separately and individually. When all family members had completed the questionnaires, 
the family received a voucher of 30 Euros. In wave 4 (T4) DNA samples were collected 
by means of saliva (Oragene, DNA Genotek Inc, Ottawa, Ontario, Canada). A total of 311 
unrelated adolescents gave written informed consent to be genotyped, of whom 2 could 
not be genotyped (see Figure 1). Attrition analyses were conducted to examine whether 
adolescents who were genotyped (participants; N = 309) differed from the adolescents who 
did not (drop-outs; N = 119). T-tests showed no significant differences (p > .05) in alcohol 
use at T1, gender, or age between participating and drop-out adolescents. Participating 
adolescents did have a slightly higher level of education at T1 than those who were not
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included in the study (t(420) = 2.01, p = .045). Approval on data collection was obtained 
from the Central Committee on Research Involving Human Subjects in the Netherlands.
Figure 1. Flow-Chart Describing the Participants in the Study
428 ado lescen ts (M age = 
13.4) w ere included at the 
start o f the study
311 ado lescen ts gave 
w ritten consent fo r gene 
analysis
2 ado lescen ts cou ld not 
be genotyped -> n = 309
205 ado lescen ts w ere 
non-regu la r drinkers (and 
included in the analyses 
from  T1 to  T2
165 ado lescen ts w ere 
non-regu la r drinkers at T2 
(and included in the 
ana lyses from  T2 to  T3)
Measures
Adolescent alcohol use. Alcohol use of the adolescents was assessed on a self-report 
scale with 4 items that interrogated the number of glasses the adolescents had consumed 
in the previous week, on weekdays and in the weekend, at home and outside (Engels 
et al., 1999). The sum of the scores on these 4 items was used as an indication of the 
amount of alcohol consumed in the previous week. This measure of quantity of adolescent 
alcohol use has been shown to correlate highly with the frequency of adolescent alcohol 
consumption (Van der Vorst et al., 2005) and has been successfully used in several 
previous studies (e.g., Bot et al., 2005; Van Zundert et al., 2006). In addition, the instrument 
has been validated by findings from observational research showing that respondents’ 
statements about frequency and quantity of alcohol consumption were congruent to their 
actual drinking behavior (Bot et al., 2005). Because of the skewness in the distribution of 
this variable, total scores were categorized into 5 groups (1 = 0 glasses, 2 = 1 to 5 glasses, 
3 = 6 to 10 glasses, 4 = 11 to 20 glasses, 5 = 21 glasses and above) (see also Van der 
Zwaluw et al., 2008).
Parental rule-setting. To measure parental rule-setting, the 10-item scale of Van der Vorst
et al. (2005) was used. This test has shown good reliability and content validity (Van der 
Vorst et al., 2006a, 2007). Adolescents had to respond on a 5-point scale ranging from 1 
('completely applicable') to 5 ('not applicable at all') on items that ask whether they were 
allowed to 'drink in the absence of parents’ or 'come home drunk’, for example. A higher 
score indicated higher levels of parental rule-setting. Cronbach’s alpha was high: .92 at T1 
and .91 at T2.
Parental alcohol use. Parental alcohol use was measured as the number of consumed 
glasses of alcohol in the previous week, during weekdays and weekends, at home and 
outside (Engels et al., 1999), similar to the assessment of alcohol use of the adolescent 
(described above). The sum of the 4 items gives an indication of the intensity of parental 
alcohol use.
Parental behavioral control. General parental behavioral control was assessed by a 5-item 
measure of Kerr and Stattin (2000). Adolescents scored parental control on a 5-point scale 
ranging from 1 'never’ to 5 'always’, for mothers and fathers separately. An example item is 
'Do you need your mother's permission to stay out on a weekday evening?' Alpha's were 
.71 and .87 for mothers, and .78 and .90 for fathers, at T1 and T2, respectively.
Adolescent personality. The Quick Big Five (QBF; Vermulst & Gerris, 2005) was used at 
T1 to assess personality traits. On a 7-point scale ranging from 1 ('absolutely disagree') 
to 7 ('absolutely agree') adolescents had to answer to what degree they possessed 30 
personality items, reflecting 5 personality dimensions. Alpha’s for the different personality 
scales were .77 for Extraversion, .79 for Agreeableness, .84 for Conscientiousness, .75 for 
Emotional stability, and .65 for Openness.
Adolescent smoking. To assess adolescent smoking the adolescents were asked which 
stage of smoking applied to them (De Vries et al., 2003). The response scale ranged 
from 1 'I have never smoked, not even a puff' to 9 'I smoke at least once a day'. To 
differentiate between adolescents who did not smoke on a monthly basis, and those who 
did we recoded the responses into 2 categories 1 = 'smokes less than once a month' 
(former categories 1 till 6), 2 = 'smokes at least once a month (former categories 7 till 9).
DRD2 genotyping. The DRD2 TaqI A C>T polymorphism (rs1800497) was genotyped
using Taqman analysis (assay ID: Taqman assay:C___ 7486676_10; reporter 1: VIC-
A-allel, reverse assay; Applied Biosystems, Nieuwerkerk a/d Ijssel, The Netherlands). 
Genotyping was carried out in a volume of 10 ul containing 10 ng of genomic DNA, 5 ul of 
Taqman Mastermix (2x; Applied Biosytems), 0.125 ul of the Taqman assay and 3.875 ul of 
H2O. Genotyping was performed on a 7500 Fast Real-Time PCR System and genotypes 
were scored using the algorithm and software supplied by the manufacturer (Applied 
Biosystems).
To investigate the random genotyping error rate, the lab included 5 duplicate DNA 
samples per 96-well plate, which were 100% consistent. In addition, 4 blancs were included 
in each plate, which were required to be negative. Hardy-Weinberg equilibrium (HWE) 
proportions were estimated from parental genotype information using the Markov-Chain 
Monte-Carlo approximation of the exact test implemented in the GENEPOP package V
3.3 (Raymond & Rousset, 1995). No deviations from HWE were detected (p = .96). To 
maximize the power of the analyses, DRD2 genotype was dummy-coded into 1 (A2A2) 
and 2 (A1A2 and A1A1).
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Statistical analyses
Descriptive analyses and Pearson correlation analyses were conducted on adolescent 
alcohol use, DRD2 genotype, and parental rule-setting. According to Field (2005) pearson 
correlation coefficient can be used when one variable is dichotomous (genotype) and 
one is continuous (alcohol use, rule-setting). Since the majority of Dutch adolescents 
starts using alcohol between the age of 13 and 15 years (Van Dorsselaer et al., 2007) 
we selected those adolescents at T1 who were not regular drinkers (i.e., those who had 
not consumed any alcohol in the week preceding the questionnaire) and examined their 
drinking behaviors one year later. The same procedure was carried out from T2 to T3 (see 
Figure 1).
We carried out attrition analyses to examine differences in DRD2 genotype, gender, 
age, and level of education between adolescents who reported to drink on a regular basis 
(regular drinkers; N = 104) and those who did not (non-regular drinkers; N = 205) at T1. 
T-tests showed that regular drinkers did not significantly differ (p > .05) from the non­
regular drinkers on DRD2 genotype, gender, or level of education. Regular drinkers were 
slightly older than non-regular drinkers at T1 (t(307) = 2.64, p = .01). A similar attrition was 
carried out for T2, with comparable results; no significant differences between regular 
drinkers (N = 143) and non-regular drinkers (N = 165) on DRD2 genotypes, gender and 
level of education. However, regular drinkers were older than non-regular drinkers (t(306) 
= 3.19, p < .01).
To examine whether DRD2 genotype and parental rule-setting were directly related 
to adolescent initiation of alcohol use over time we tested the regression models using 
package 4.1 of Mplus (Muthén & Muthén, 1998-2006). Regression weights in the models 
were estimated with the Full Information Maximum Likelihood estimator (FIML; Enders, 
2001) to account for missing values. No model fit indices were obtained as we tested a 
saturated path model.
In the second model the interaction term between parental rule-setting and DRD2 
genotype was included. All variables were centered before computing interaction terms 
to avoid multicollinearity (Jaccard et al., 2005). In all analyses we controlled for sex and 
level of education of the adolescent. In the additional analyses we controlled for possible 
confounding effects of parental alcohol use, general parental behavioral control, adolescent 
personality, and adolescent smoking.
RESULTS
Descriptives and correlations
DRD2 genotype frequencies are depicted in Table 1. At T1, 205 adolescents (66%) 
did not drink alcohol in the week preceding the measurement. At T2, 165 adolescents 
(53%) did not consume alcohol in the week prior to the measurements. Those who did 
drink alcohol at T1 and T2 consumed on average 3.89 (SD = 5.18) and 7.03 (SD = 11.42) 
glasses in the past week, respectively. Mean scores for parental rule-setting were 4.05 at 
T1 (SD = .80), and 3.55 at T2 (SD = .86).
Correlations between adolescent alcohol use, rule-setting, and DRD2 genotype are 
depicted in Table 2. Adolescent alcohol use and parental rule-setting were significantly 
related (.22 < r < .37, p < .001). DRD2 genotype was not significantly related to adolescent
8
alcohol use (-.07 < r < -.01, p = ns), or to parental rule-setting (-.06 < r < -.04, p = ns).
Regression analyses
In the initial model, main effects of rule-setting on adolescent alcohol use were found, 
both going from T1 to T2 (see Table 3; p = -.13, p < .05), and from T2 to T3 (see Table 4; 
p = -.17, p < .05). In contrast, we found no significant main associations between DRD2 
genotype and adolescent drinking from T1 to T2 (p = -.06, p = ns), or from T2 to T3 (p = 
.12, p = ns). However, there was a significant interaction between rule-setting and DRD2 
genotype on adolescent alcohol use from T1 to T2 (p = -.18, p < .05), and from T2 to T3 
(p = -.23, p < .01), as depicted in Figure 2.2 Adolescents whose parents set low levels 
of alcohol-specific rules reported higher levels of alcohol consumption when they were 
DRD2 A1 allele carriers. Gender and level of education were not significantly related to 
adolescent drinking over time.
Table 1. Dopamine D2 (DRD2) Genotype Frequencies
Total group Non-regular 
drinkers at T1
Regular 
drinkers at T1
Non-regular 
drinkers at T2
Regular 
drinkers at T2
N 309 205 104 165 143a
A2A2 205 (66.3%) 139 (67.8%) 6 6  (63.5%) 108 (65.5%) 96a (67.1%)
A2A1 96 (31.1%) 61 (29.8%) 35 (33.7%) 53 (32.1%) 43 (30.1%)
A1A1 8  (0 2 .6 %) 5 (02.4%) 3 (02.9%) 4 (02.4%) 4 (02.8%)
Note. a Figures of subgroups do not add up to total number o f participants because of one missing alcohol outcome.
Table 2. Pearson Correlations 
between Adolescent Alcohol Use, Parental Rule-setting, and DRD2 Genotype
Alcohol T1 Alcohol T2 Alcohol T3 DRD2 Rules T1 Rules T2
Alcohol T1
Alcohol T2 .57***
Alcohol T3 .34*** .46***
DRD2 - . 0 1 -.07 -.07
Rules T1 .37*** .28*** .2 2 *** -.04
Rules T2 .32*** .31*** .27*** -.06 .65***
Note: Rules: parental rule-setting from the adolescent’s perspective. DRD2: 1 = A2A2, 2 = A1A2 
and A1A1. *** p < .001.
DR
D2
, P
AR
EN
TA
L 
RU
LE
S, 
AN
D 
AD
OL
ES
CE
NT
 A
LCO
HO
L 
US
E
8
Table 3. Regression Coefficients (beta's) of DRD2 Genotype and Parental 
Rule-Setting on Adolescent Alcohol Use from Time 1 to Time 2, controlling for Parental 
Alcohol Use, Parental Behavioral Control, Adolescent Personality, and Adolescent Smoking
Initial Model Parental 
A lcohol Use
Behavioral
Control
Personality Smoking
Gender . 0 0 - . 0 0 .0 1 .03 . 0 1
Education -.09 - . 1 0 -.09 - . 1 1 -.08
DRD2 Genotype -.06 -.06 - . 1 0 -.07 -.06
Rules -.13* -.1 2 * - . 1 0 -.14* -.1 2 *
A lcohol Mother .13*
A lcohol Father -.07
Control Mother -.03
Control Father -.14*
Extraversion .04
Agreeableness - . 1 1
Conscientiousness - . 1 1
Emotional stability - . 0 1
Openness .19**
Adolescent smoking . 1 0
DRD2 x Rules -.18* -.18* -.17* -.18* -.19*
Note: Gender: 1 = male, 2 = female. DRD2: 1 = A2A2, 2 = A1A2 and A1A1. * p < .05, ** p < .01.
Additional analyses
Adding parental alcohol use, parental behavioral control, adolescent personality, 
or adolescent smoking to the model did not change the significant interaction between 
parental rule-setting and DRD2 genotype on adolescent alcohol use over time (see Table 
3 and 4). Parental alcohol use was significantly related to adolescent alcohol use over time 
(.13 < p < .21, p < .05), except for paternal alcohol use from T1 to T2 (p = -.07, p = ns). 
Parental behavioral control was not significantly related to adolescent alcohol use, except 
for paternal behavioral control from T1 to T2 (p = -.14, p < .05). Regarding adolescent 
personality, only openness to new experiences measured at T1 was significantly positively 
related to alcohol use at T2 (p = .19, p < .01). From T2 to T3 adolescent high extraversion, 
low conscientiousness, and low emotional stability were significantly related to increased 
levels of adolescent alcohol consumption (p = .16, p < .05, p = -.15, p < .05, p = -.17, p < 
.05, respectively). Smoking at T2 was significantly associated with adolescent alcohol use 
at T3 (p = .34, p < .001), but not from T1 to T2 (p = .10, p = ns).
Figure 2. Interaction between 
DRD2 genotype and parental rule-setting at T2 on adolescent alcohol use at T3
DRD2 Moderation
Table 4. Regression Coefficients (beta's) of DRD2 Genotype and Parental 
Rule-Setting on Adolescent Alcohol Use from Time 2 to Time 3, controlling for Parental 
Alcohol Use, Parental Behavioral Control, Adolescent Personality, and Adolescent Smoking
Initial Model Parent 
Alcohol Use
Behavioral
Control
Personality Smoking
Gender -.04 - . 0 2 -.04 -.06 -.03
Education .07 .04 .07 .06 .1 1
DRD2 Genotype . 1 2 .1 1 .13 . 1 2 .14
Rules -.17* -.13* -.17* -.17** - .1 2 *
Alcohol M other .2 1 **
Alcohol Father .14*
Control Mother . 0 0
Control Father .03
Extraversion .16*
Agreeableness -.06
Conscientiousness -.15*
Emotional stability -.17*
Openness .07
Adolescent smoking .34***
DRD2 x Rules -.23** -.16* -.2 2 ** -.25*** -.18*
Note: Gender: 1 = male, 2 = female. DRD2: 1 = A2A2, 2 = A1A2 and A1A1. * p < .05, ** p < .01, *** p < 
.0 0 1 .
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DISCUSSION
The current study aimed at examining relationships of DRD2 genotype, parental rule- 
setting, and their interaction on adolescent alcohol use over time. Parental rule-setting 
was directly and inversely related to adolescent alcohol consumption; imposing strict rules 
seemed to prevent adolescents from establishing a regular pattern of alcohol consumption. 
This finding confirmed our hypothesis and corroborates earlier studies (Jackson et al., 
1999; Van der Vorst et al., 2005; Wood et al., 2004; Yu, 2003).
We did not find a direct effect of the DRD2 A1 allele on adolescents’ uptake of alcohol 
use. These findings concur with a study from Guo et al. (2007) that also did not reveal 
a relation between the DRD2 A1 allele and alcohol consumption in a sample of 13 to 
18-year olds. Although this might suggest that the DRD2 TaqI A polymorphism is less 
important in this early phase of alcohol use, it is plausible that the effect of genetics may 
only become apparent if certain environmental factors, such as 'bad' parenting or ‘bad’ 
friends, are present (Rutter, 2006). Therefore, we examined the interaction between DRD2 
genotype and parental rule-setting on adolescent alcohol initiation. We confirmed our 
hypothesis of moderation by DRD2 genotype, and found that adolescents with parents 
highly permissive towards alcohol use consumed more alcohol over time if they carried 
a DRD2 genotype with at least one A1 allele. This result corresponds to the theoretical 
“social control” model of Shanahan and Hofer (2005), in which the environment restricts 
the opportunity to express genetic predispositions: parental rule-setting was found to 
“canalize” the adolescent's genetic predisposition towards alcohol use.
Since the DRD2 A1 allele has been associated with reduced dopamine D2 receptor 
availability in the brain (Pohjalainen et al., 1998), creating less dopaminergic activity in the 
brain, it is possible that A1 allele carriers are more likely to repeat alcohol consumption 
which results in enhanced dopamine release to compensate for this low-reward state 
(Noble et al., 1991; Thompson et al., 1997). However, the effect on alcohol consumption 
is only salient when parents are not restrictive towards alcohol use.
Although the need for gene-environment studies has been recognized for over a decade 
now, few studies have been published to date with regard to alcohol use and misuse (Van 
der Zwaluw & Engels, 2009). There have been two studies so far that have included 
interactions between DRD2 genotype and environment on alcohol use and misuse in 
adults. Bau and colleagues (2000) found a significant positive interaction between the 
DRD2 A1 allele and negative life events on physiologic alcohol dependence symptoms in 
Brazilian alcoholic males. In addition, Madrid and coworkers (2001) showed that the DRD2 
A1 allele was significantly related to higher scores on the Michigan Alcoholism Screening 
Test, if participants reported elevated levels of stress.
Regarding alcohol use in adolescents, we are not aware of studies that have assessed 
interactions between DRD2 genotype and environmental factors, although Nilsson et al. 
(2005a, 2007) examined interactions between other polymorphisms and environment 
on alcohol consumption in adolescence. They found that adverse family functioning in 
combination with the heterozygous short/long genotype of the HTTLPR variant of the 
serotonin transporter gene or the 3-repeat allele of the MAO-A gene promoter were 
related to heavy drinking in adolescence. This new line of research suggests that gene­
environment effects may not only occur in pathological disorders, but may also translate to
132.
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variation in more 'normative' behavior, such as the uptake of alcohol use in adolescence 
(Rutter, 2006). In addition, individuals who start drinking at an early age are at a higher risk 
for alcohol abuse later in life (Pitkanen et al., 2005).
Since alcohol use and abuse are such complex heterogeneous phenotypes, it is 
likely that various genetic and environmental factors contribute to the development or 
establishment of this behavior (Marchini et al., 2005). As such, the effect size of one single 
polymorphism is expected to be small (Footnote 3) (Hattersley & McCarthy, 2005) and 
more complex interactions may need to be investigated in the future. Guo et al. (2007) 
found evidence for an interaction between the DRD2 A1 allele and the 7-repeat allele 
of the dopamine D4 receptor gene (DRD4). However, studies examining gene-gene 
interactions, or even gene-gene-environment are still scarce. In the same line of reasoning, 
environment-environment interactions may occur as well. It might be that adolescents with 
permissive parents, who encounter heavy drinking friends will start earlier, or consume 
more alcohol than those without these adverse environmental factors (Scholte et al.,
2008). Therefore, large prospective population studies are required to examine the broad 
spectrum of etiological factors responsible for the development of alcohol abuse (Manolio 
et al., 2006).
It is not clear how the DRD2 gene exerts its effect on alcohol use in the group of 
adolescents with permissive parents. Very plausibly, the genetically influenced behavior of 
the child evokes certain responses in other people, among whom their parents (O'Connor 
et al., 1998). We therefore tested for this evocative gene-environment correlation, by 
correlating the adolescent's DRD2 genotype and parental rule-setting. However, no 
relation was found between DRD2 genotype and rule-setting, excluding the evocative 
gene-environment correlation as possible explanation.
Our study is one of the first to examine a gene-environment interaction with respect 
to adolescent alcohol use, using a longitudinal sample with extremely high retention 
rates, and to our knowledge it is the first to find an interaction between DRD2 genotype 
and parenting. As such, our findings clearly need replication in other large, longitudinal 
population-based samples (Page et al., 2003).
Limitations
There are some limitations that need to be addressed. Our findings relate to alcohol use 
in a non-clinical sample of adolescents, and not to adolescents with clinically diagnosed 
alcohol abuse. Whether the current findings translate to clinical samples as well, remains 
a topic for future research. Perhaps adolescents who are restricted in their alcohol use by 
their parents and start using alcohol at a later age, may not progress to heavy drinking in 
young adulthood and possibly subsequently to alcohol abuse later in life (e.g., Pitkanen et 
al., 2005).
Our findings might be (partly) explained by population stratification. However, the 
percentage of adolescents that was not born in the Netherlands was very small (1.2%), 
and an even smaller percentage was not born in a European country (0.2%). As the 
DRD2 genotype frequencies largely concurred with those of Caucasian samples in other 
population studies (Audrain-McGovern et al., 2006), the effect of population stratification 
may be practically non-existent (Wacholder et al., 2000). The exclusive inclusion of 
Caucasian subjects makes it hard to generalize our findings to non-Western populations
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with other ancestries.
Also, parental rule-setting could be a consequence of parental substance use (see 
e.g., Van der Vorst et al., 2006a; Van der Zwaluw et al., 2008), which in itself may be a 
hereditary factor explaining adolescent drinking behavior. There are two studies that have 
examined the effects of parental alcohol use and problem drinking on parental rule-setting 
regarding adolescent alcohol use. Van der Zwaluw et al. (2008) generally found no relation 
between parental problem drinking and parental rule-setting over time. Van der Vorst et al. 
(2006a) reported a significant cross-sectional association between alcohol consumption 
of fathers and their rule-setting. However, the variance explained by paternal alcohol use 
was rather small.
Another limitation of our study concerns the use of self-reports, which may be subject 
to over- or underreporting of alcohol use due to social desirability (Offer et al., 2000). To 
minimize these biases, questionnaires had to be filled out individually. Adolescents were 
not allowed to discuss questions or answers with other family members. Moreover, self­
reports regarding alcohol use have proved a reliable source of information (Engels et al., 
2007).
Conclusions
Our findings contribute to further unravelling the pathways that may lead to alcohol use 
in adolescence. Lack of parental rule setting was found to increase adolescent alcohol 
consumption over time. In addition, lack of parental rule-setting interacted with DRD2 risk 
status of the adolescent in influencing the risk for alcohol use. Replication and follow-up 
studies are needed in both population-based and clinical samples.
FOOTNOTES
1 Guo et al. (2007) state that the difference in the intensity of peer influence may explain 
the gene-lifecourse interactions. We would like to add that in their sample young adults 
also consumed alcohol more frequently than adolescents, which may have accounted for 
(part of) the significant association between certain polymorphisms and alcohol use in 
young adulthood.
2 For reasons of clarity, the categories of adolescent alcohol use that were used in the 
Mplus analyses were back-transformed to the number of glasses they had consumed in 
the past week and as such depicted in Figure 2.
3 Previous gene-association and GxE studies have generally shown small to moderate 
effect sizes (e.g., Nilsson et al., 2005a, 2007, 2008).
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ABSTRACT
The main aim of the study was to test the moderating effect of alcohol-specific parental 
rulesetting on the relation between the dopamine D2 receptor gene (DRD2) and adolescent 
alcohol use. Gender differences were also tested. A total of 217 adolescents(Ma e = 13.7, 44.7% 
male) participated in this study. Results showed that lenient alcohol-specific parental rule 
setting was related to increased alcohol use, especially for male adolescents with the DRD2 
A1 risk allele. This study is one of the first replications of a gene-environment interaction, 
implying that the effect of the DRD2 genotype on alcohol use is dependent on alcohol-specific 
parental rule setting.
INTRODUCTION
Family studies in the 1970's already showed that relatives of alcoholics run an 
increased alcohol-dependence risk (Schuckit et al., 1972; W inokur et al., 1970). The fact 
that this risk remained similarly enhanced for children of alcoholics who were adopted into 
different families, suggests a genetic component in alcohol dependence (Cloninger et al., 
1981; Goodwin et al., 1974). From patterns of concordance among monozygotic (MZ) 
compared to dizygotic (DZ) twins it is known that 40 to 60 % of the variance in alcohol 
dependence is explained by genetic factors (Goldman et al., 2005; Liu et al., 2004). Twin 
studies on adolescents' alcohol use initiation, frequency of drinking and problem drinking 
demonstrate comparable patterns of explained variance by genetic factors (Cleveland & 
Wiebe, 2003; Hopfer et al., 2003; Pagan et al., 2006; Poelen et al., 2008; Rhee et al., 
2003; Viken et al., 1999). For example, Viken et al. (1999) found that 56% of the variance 
in frequency of alcohol intoxication among 17-year-olds was explained by a heritability 
factor.
In attempts to unravel the specific content of this genetic factor, the TaqlA polymorphism 
(rs1800497 C>T) in the dopamine D2 receptor gene (DRD2) has been a key candidate.1 
As alcohol enhances dopamine levels in the brain, variation in the dopaminergic system 
may cause different inter-individual responses to alcohol. The DRD2 TaqlA A1 (T) allele 
has been associated with reduced dopamine D2 receptor availability and dopamine 
binding capacities in the brain (Pohjalainen et al., 1998; Thompson et al., 1997), which 
may cause DRD2 A1 allele carriers to compensate for this reduced state of reward 
by the use of alcohol (Blum et al., 1996; Noble et al., 1991). As genetic factors do not 
'operate in a vacuum' (Rutter et al., 1997), environmental factors need to be included in 
order to understand why people initially use alcohol during their adolescent years and 
why they may develop heavy drinking behaviors. Shanahan and Hofer (2005) propose 
that social environments may act as a control factor that suppresses or prevents 
genetic expression. In other words, environmental influences may modulate children's 
dispositional tendencies (Dick et al., 2007c). Alcohol-specific rule setting by parents 
has proven to be a consistent predictor of adolescents' alcohol use initiation and their 
progression into regular drinking (Jackson et al., 1999; Van der Vorst et al., 2005, 2007; 
Van der Zwaluw et al., 2008, 2009; Yu et al., 2003). For example, Van der Vorst and 
colleagues (2005, 2006a, 2007) have demonstrated in cross-sectional and longitudinal
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studies that imposing strict alcohol-related rules was associated with youngsters starting 
to drink later and less heavily. A first attempt to examine a gene-parenting interaction 
was recently brought forward by Van der Zwaluw et al. (2010a). They showed that the 
DRD2 A1 allele interacts with parental rule-setting in predicting adolescents' initiation of 
drinking. Adolescents with the DRD2 A1 allele were more likely to start consuming alcohol 
if their parents were indulgent towards alcohol use than those without the DRD2 A1 risk 
allele. Although the need for empirical gene-environment research has been stressed by 
many scholars, the number of published empirical studies is still quite low (see Van der 
Zwaluw & Engels, 2009 for an overview). Those studies that do report gene-environment 
interactions are often difficult to compare due to the prevalence of certain genotypes, as 
well as differences in exposure to environmental measures and sample characteristics 
(Caspi et al., 2010). This heterogeneity also makes gene-environment interaction studies 
notoriously difficult to replicate (Lander & Kruglyak, 1995). Since many of the published 
gene-environment findings have not been replicated (yet), the possibility exists that some 
of them may comprise false positive results (Flint & Munafo, 2008), making replication of 
gene-environment interactions even more essential (Van der Zwaluw & Engels, 2009). In 
the current study, we will examine associations between the DRD2 TaqlA polymorphism, 
parental rule-setting and alcohol use in early adolescence. In accordance with Van der 
Zwaluw et al. (2010a) we expect an interaction between DRD2 genotype and parental 
rule-setting: the relationship between DRD2 genotype and adolescents' alcohol use will 
differ for parental rule setting. In addition, gender differences in these associations will be 
tested.
METHOD
Participants
The sample included 217 adolescents (44.7% male) with a mean age of 13.7 (Range 
= 12 to 16 years, SD = .87). Almost all participants (93.4%) came from families with two 
Caucasian parents. A total of 41.5% had a college-preparatory level of education, 33.2% 
an intermediate or basic level, 3.7% of participants had a vocational level and 21.7% of 
participants did not provide a definitive educational track; in the Netherlands, a definitive 
choice for a certain track is not made until after second grade.
Procedure
Data were drawn from a larger study assessing genetic and cognitive risk factors 
associated with adolescents' alcohol use. A total of 725 students from four schools agreed 
to participate by returning an informed consent form signed by themselves and by their 
parents or caregivers. Participants were administered questionnaires by trained research 
assistants in classrooms during regular school hours. Participants in three of the four 
schools (n = 378) also donated saliva samples for the purpose of analyzing several genetic 
polymorphisms associated with alcohol use. In the present investigation, participation 
is limited to adolescents between 12 to 16 years of age, for which questionnaire and 
genetic information were available. This resulted in the exclusion of 133 adolescents who 
were older than 16 years, 22 adolescents who did not complete the questionnaires, and 
6 adolescents whose saliva sample was of poor quality. The current sample consists of
9
217 adolescents from that group that provided additional questionnaire data. For a more 
extensive description of the procedure of the overall project, we refer to Pieters et al.
(2010).
Measures
Adolescent alcohol use. Adolescents completed four items describing the amount of 
alcohol they consumed during weekdays, on the weekend, at home and outside home 
(Engels et al., 1999b). Answers on the four items were summed to create a measure of 
weekly alcohol use. Adolescents reported drinking on average .61 glasses of alcohol in 
the week preceding the study (SD = 2.74; range 0-14 glasses). Three participants reported 
drinking more than 6 glasses of alcohol in the previous week. These scores were replaced 
with values representing 2 SDs above the mean (in the current sample: 5 glasses) to 
reduce the skewed distribution of this measure.
Parental rule setting. Adolescents completed 10 items describing their perception of the 
rules that their parents set regarding alcohol use (Van Der Vorst et al., 2005). Examples 
of these items are: ” I am allowed to drink a glass of alcohol when my mother or father 
is present” and ” l am allowed to drink a glass of alcohol when my mother or father is 
absent”. Response categories for each item were: (1) “Not applicable to my situation at 
all”, (2) “Hardly applicable to my situation”, (3) “Somewhat applicable to my situation”, (4) 
“Applicable to my situation”, (5) “Definitely applicable to my situation.” Cronbach's alpha 
was .94. Items were recoded so that a higher score reflected a stricter parental attitude 
towards alcohol use (M = 4.55, SD = .70).
DRD2 genotyping. The DRD2 Taql A C >T polymorphism (rs1800497) was genotyped 
using a commercially available Taqman assay (assay ID: Taqman assay: C_7486676_10; 
reporter 1: VIC-A-allele, reverse assay; Applied Biosystems, Nieuwerkerk a/d Ijssel, the 
Netherlands). Genotyping was carried out in a volume of 5 pl containing 10 ng of genomic 
DNA, 2.5 pl of Taqman Universal Mastermix (Applied Biosystems) and 0.125 pl of the 
Taqman assay solution. Genotyping was performed on a 7900 Fast Real-Time PCR 
System and genotypes were scored using the algorithm and software supplied by the 
manufacturer (Applied Biosystems). A total of 65.9% of the participants were homozygous 
for the C-allele of the DRD2 polymorphism and are further referred to as the non risk group 
(A2A2 genotype). The rest of the participants (34.1%) were carriers of at least one T-allele 
and therefore classified as member of the risk group (A2A1 and A1A1 genotypes) (cf. Bau 
et al., 2000; Van der Zwaluw et al., 2010a). Of these participants, 30% had one T-allele 
and 4.1% were homozygous for the T-allele.
RESULTS
Descriptives and correlations
Independent sample t-tests examined mean-level gender differences on alcohol use 
and parental rule setting. These indicated that males and females did not differ on parental 
rule setting (t (215) = -.19, p = .93) or alcohol use (t (215) = .73, p = .47). Moreover, allele 
frequencies of DRD2 (risk vs. no risk) did not differ for males and females using a chi- 
square test (x2 (1) = 2.14, p = .14).
Pearson correlations between all model variables are shown in Table 1. Alcohol-specific 
rule setting correlated negatively with weekly alcohol use, meaning that a stricter parental
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attitude towards alcohol was associated with a lesser amount of adolescent drinking. Age 
correlated negatively with alcohol-specific rules and positively with alcohol use. All other 
correlations were non-significant.
Table 1. Pearson Correlations of All Study Measures
1 2 3 4 5
1. Gender
2. Age -.06
3. DRD2 genotype .09 -.03
4. Parental rule setting . 0 0 -.33*** .03
5. A lcohol use - . 0 1 .16* .13 -.43***
Note. Gender was coded as 0 = male, 1 = female. DRD2 genotype was coded as 0 = homozy­
gous fo r the A2 (C) allele, 1 = carriers o f at least one A1 (T) allele. A  higher score on alcohol- 
specific rules represents a stricter parental attitude towards alcohol. * = p < .05 ** = p < 0.01 *** 
= p < . 0 0 1  two-tailed tests.
Linear regression analysis
The first aim of the current study was to replicate Van Der Zwaluw et al. (2010a). A 
hierarchical linear regression analysis was performed using alcohol use as a dependent 
variable. Gender, age, DRD2 genotype, parental rule setting, and the interaction between 
parental rule setting and DRD2 genotype were included as predictors. The model explained 
a significant proportion of the variance in weekly alcohol use (R2 = .25, p < .001). The main 
effects of DRD2 genotype (b = .36, SE = .14, p = .008) and parental rule setting (b = -.32, 
SE = .09, p < .001) were qualified by a statistically significant two-way interaction (b = -.56, 
SE = .15, p < .001; see Figure 1). Follow-up tests of the simple slopes showed a stronger 
significant association between parental rule setting and alcohol use for the DRD2 risk 
group (b = -.88, SE = .13, p < .001) compared to the non-risk group (b = -.32, SE = .08, p 
= .002).
As an extension of Van Der Zwaluw et al. (2010a) we aimed to examine gender 
differences in this interaction on an explorative basis. We performed another linear 
regression analysis with alcohol use as a dependent variable. Gender, age, DRD2 
genotype, parental rule setting, three 2-way interactions (between parental rule setting 
and DRD2 genotype, between gender and parental rule setting, between gender and 
DRD2 genotype), and the three-way interaction between gender, DRD2 genotype and 
parental rule setting were included as predictors. The model explained a total of 29% of the 
variance in weekly alcohol use, with predictors in each step accounting for a statistically 
significant amount of explained variance (Step 1, R2 = .21, p < .001; and Step 2, AR2 = 
.08, p < .003). Standardized beta weights and unstandardized regression coefficients are 
presented in Table 2. Main effects emerged for DRD2 genotype and parental rule setting, 
but these were qualified by the statistically significant three-way interaction. Follow-up 
analyses performed separately for adolescent females and males indicated that the 
interaction between DRD2 genotype and alcohol-specific rules was statistically significant 
for males (b = -.21, SE = .26, p < .001), but not for females (b = -.24, SE = .18, p = .20). 
Figure 2 presents the simple slopes of the associations between alcohol-specific rules 
and weekly alcohol use separately for male and female adolescents with and without the
DRD2 risk genotype. Specifically, alcohol-specific rules predicted weekly alcohol use for 
females regardless of DRD2 genotype (b = -.65, SE = .15, p < .001 for females in the 
risk group; and b = -.42, SE = .12, p < .001 for females in the non-risk group). For males, 
alcohol-specific rules predicted weekly alcohol use in the risk group (b = -1.45, SE = .24, 
p < .001), but not in the non-risk group (b = -.23, SE = .12, p = .06).
Table 2. Linear Regression Analysis 
Predicting Weekly Alcohol Use from Gender, Age, DRD2 Genotype and Alcohol-Specific Rules
B SE Beta p-value
Step 1
Gender -.13 .13 -.06 .35
Age .03 .08 . 0 2 .73
DRD2 genotype .34 .14 .15 . 0 2
Parental rule setting -.48 .07 -.42 . 0 0
Step 2
Gender -.09 .16 -.04 .55
Age . 0 2 .08 . 0 2 .76
DRD2 genotype .53 .2 1 .24 . 0 1
Parental rule setting -.25 . 1 2 - . 2 1 .04
DRD2 genotype x parental rule setting - 1 . 2 2 .26 -.57 . 0 0
Gender x DRD2 genotype -.25 .27 -.09 .37
Gender x Parental rule setting -.16 .16 - . 1 0 .33
Gender x DRD2 genotype x parental 
rule setting
.97 .32 .38 . 0 0
Note. Gender was coded as 0 = male, 1 = female. DRD2 genotype was coded as 0 = homozygous for the A2 (C) 
allele, 1 = carriers of at least one A1 (T) allele.
Figure 1. Two-way Interaction between Alcohol-Specific Parental 
Rule Setting and DRD2 Genotype on Adolescent Alcohol Use
Parental rule-setting
DRD2 genotype
1 ■ No risk 
-R isk
Note. A1 (T) allele carriers form  the DRD2 risk group; A2/A2 (C/C) genotypes are 
the no risk group. A lcohol use reflects the number of glasses of alcohol adolescents 
have consumed in the last 7 days.
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Figure 2. Three-way Interaction between Gender, Alcohol-Specific
Parental Rule Setting and DRD2 genotype on Adolescent Alcohol Use
IIRI12 genotype
— • No risk boys 
Risk boys 
No risk gill? 
* Risk girls
Parental rule-setting
Note. A1 (T) allele carriers form the DRD2 risk group; A2/A2 (C/C) genotypes are 
the no risk group. Alcohol use reflects the number o f glasses of alcohol adolescents 
have consumed in the last 7 days.
DISCUSSION
The current study shows that lenient parental rule-setting is associated with increased 
odds of alcohol use in young people, particularly for male adolescents with the DRD2 risk- 
genotype. These findings are in line with the results from the Van der Zwaluw et al. (2010a) 
study. They conducted a study with similar measurements and age group, and therefore 
the current study consists of one of the first replications of a geneenvironment interaction 
in the area of alcohol. As Flint and Munafo (2008) argue, there is an overrepresentation of 
significant effects in published papers and thus a risk of false positive findings. Therefore 
it is pivotal that with an independent sample, we found the same pattern of findings as 
reported previously. This paper also confirms results of several studies in the Netherlands 
(Van der Vorst et al., 2007; Koning et al., 2009; Spijkerman et al., 2008; Van Zundert et al.,
2006) and in other Western societies (Jackson et al., 1999; Yu, 2003; Wood et al., 2004) 
showing the strong impact of alcohol specific rule-setting on early onset of alcohol use.
Additionally, tests of gender differences reveal that the gene-parenting interaction 
effect on alcohol use primarily pertains to males. As Van der Zwaluw et al. (2010a) did not 
test gender differences it is not possible to see whether differences in sample and design 
are accountable for this potential difference. As adolescent males generally start to drink 
earlier than females (Vet & Van den Eijnden, 2007), and also show stronger increases in 
drinking over time leading to higher engagement in heavy episodic drinking and problem 
drinking (Poelen et al., 2005; Poelen et al., 2009), having permissive parents might 
constitute a stronger impact on their drinking than for females.
The zero order correlations showed no significant associations between the DRD2 
A1 allele and alcohol use, although after controlling for age, education and rule-setting
the association appears to be significant in a multivariate analysis. These non-significant 
findings are in line with other studies using adolescent samples (Guo et al., 2007; Van der 
Zwaluw et al., 2010a). A meta-analysis of Munafó et al. (2007) on the DRD2 A1 allele and 
alcoholism in adults also observed only a small significant effect size on risk of alcoholism, 
which was strongly affected by one single study and suggested evidence for publication 
bias. As most studies only find small to non-significant direct effect of single genotypes on 
alcohol outcomes (Van der Zwaluw & Engels, 2009) and recent genome-wide association 
studies (GWAS; Edenberg et al., 2010) do not provide convincing evidence for specific 
single nucleotide polymorphisms (SNPs) related to alcoholism and alcohol dependence, 
more research on gene-gene interactions and gene-environment interactions is warranted.
Research on gene-environment interactions and alcohol consumption is in its infancy. 
A recent review on existing literature revealed thirteen empirical studies that examined 
gene-environment interactions related to alcohol phenotypes in humans (Van der Zwaluw 
& Engels, 2009). These studies covered a range of genetic polymorphisms including 
dopamine transporter and receptor genes, serotonin receptor genes and opioid receptor 
genes, and a variety of environmental stressors. Further, the heterogeneity in outcomes 
made it very difficult to systematically compare findings across studies in order to draw more 
definite conclusions. Hence, although replication of our findings is imperative, we consider 
it essential that in replication studies, as much attention is paid to the measurement of 
the environmental factors as to the genes or outcomes (Caspi et al., 2010; Moffitt et al., 
2005). We, for instance, focused on a specific parenting practice namely alcohol-specific 
rule setting, and when replication is done with other (but related) parenting practices such 
as parental control, monitoring or punishment, it is very likely that different, incomparable 
patterns of findings occur.
According to Moffitt et al. (2005), it is pivotal to assess environmental risk factors 
precisely and reliably by using: (a) proximal measures of environmental pathogens, 
preferably not retrospectively, (b) multi-informant data, (c) developmental-specific 
assessments, and (d) by noticing cumulative effects of environmental influences. First, 
in the context of gene-parenting associations related to alcohol use, this implies that in 
normal population samples parenting practices should be assessed that are closely linked 
to the outcome (Engels & Bot, 2006). Thus measuring preferably alcohol-specific parenting 
practices rather than general parenting styles (e.g., Darling & Steinberg, 1993). Moreover, 
longitudinal research revealed that more proximal measures of parental control are more 
strongly related to initiation of drinking and progression to more advanced stages of 
drinking, than measures of general parental control (Van der Vorst et al., 2005, 2007; Van 
der Zwaluw et al., 2008). It is likely that interactions with genetic markers are more easily 
traceable when environmental factors are strongly associated with the phenotypes, which 
pleas for proximal factors in population studies as well. Second, future research should 
include both parent and child perspectives on parenting, preferably with expert opinions 
of parent-child observations of the parenting practice examined (Bakermans-Kranenburg 
& Van Ijzendoorn, 2005), in order to draw more definite conclusions. Third, the measure 
we used to assess alcohol specific rule-setting is developed to tap parenting behaviors 
dealing with early adolescents' potential engagement in alcohol use. It is likely that when 
studying parenting behaviors pertaining to middle or late adolescence -  in the Netherlands
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the majority of teens consume alcohol in middle adolescence, in particular in contexts with 
peers out of direct control of parents- other assessments of rule-setting should be applied. 
These assessments might rather comprise parental efforts to communicate and set rules 
related to restrict heavy episodic drinking (Kuntsche & Gmel, 2004), associated problems, 
and problem drinking (Van der Zwaluw et al., 2008). Fourth, cumulative experiences 
with parents are likely to affect outcomes as well. This suggests incorporation of multiple 
assessments of parenting (not only rule-setting, but also management of peer drinking and 
affiliations with drinking peers (Mounts, 2001), regulation of outdoor activities and curfew 
(Mahoney & Stattin, 2000) and frequency and quality of communication on alcohol matters 
(Mares et al., 2011) in future longitudinal studies. Obviously, effective and age-appropriate 
parenting has to be considered in its cultural and societal context. In the Netherlands, 
where adolescents are legally allowed to consume light-alcohol beverages at the age 
of 16, parental goals and efforts to deal with underage drinking are different than those 
from most parents in for example the U.S., where youths are not allowed to drink any 
alcoholic beverage before the age of 21. In sum, these aspects related to assessments 
of environment in gene-environment studies show that replication studies are definitely 
needed but rather complex to conduct, especially when samples from different cultural 
contexts are used.
Several caveats must be acknowledged. First of all, the current study does not 
entirely correspond to the Van der Zwaluw et al. (2010a) report. The present study is 
cross-sectional and we could also not control for personality traits as has been done 
previously. However, when controlling for personality traits (Big five), Van der Zwaluw 
et al. (2010a) still found the interaction effect between DRD2 genotype and alcohol 
specific rule-setting on alcohol initiation. Longitudinal testing is required to test whether 
the interaction effect remains significant when predicting alcohol initiation. Second, 
in line with Van der Zwaluw et al. (2010a) we used self-reports of adolescents on both 
parenting and alcohol use measures. Although self-reports might be subject to over- or 
underreporting of alcohol use due to social desirability, several studies have shown that 
when these biases are minimized such as asking adolescents to fill in the form individually, 
assuring confidentiality, and not allowing them to discuss questions or answers with other 
family members, these reports form a reliable source of information (Engels et al., 2007). 
Regarding parenting, parent reports were not included in the present study. Still, we prefer 
adolescent reports over parent reports on parenting because a) due to social desirability 
and demand characteristics, parents often have a too positive view on their concrete 
parenting practices (Cook & Goldstein, 1993), and b) adolescent perceptions of parenting 
might be more important, and also more strongly affecting their own behaviors, than the 
perceptions of their parents (Engels et al., 2001; Steinberg et al., 1992). Nonetheless, 
future studies might benefit from including and comparing parent and child perspectives. 
Third, additional research is warranted examining whether parental alcohol use affects 
the associations found, as parental drinking might affect alcohol specific rule-setting (see 
Mares et al., 2011). Especially in matched case-control designs comparing children from 
alcohol abusing or dependent parents with controls, strong differences in associations 
with rule-setting might occur. In addition, parental drinking might affect the association 
between rule-setting and adolescent alcohol use. Fourth, it might be that parental behavior
9
is affected by the child's genetic make-up (i.e., a gene-environment correlation), which 
may distort the gene-environment interaction effect (O'Connor et al., 1998). However, rule- 
setting was not related to adolescent genotype, excluding the occurrence of an evocative 
gene-environment correlation. Finally, it might be that the DRD2 Taq1A polymorphism 
correlates highly to other functional variants in the DRD2 gene, or in other genes (i.e. is 
in linkage disequilibrium (LD) with another marker), hereby being actually responsible for 
the effect (see also Dick et al., 2007e; Ponce et al., 2008). Future studies would benefit 
from thorough genotyping across the gene and taking into account the LD between the 
polymorphisms.
Based on the research on alcohol-specific rule-setting, a parent-oriented prevention 
program has been developed. This program starts with a parent meeting at the beginning 
of the school year of secondary education (12-14 year olds), in which rule setting and 
permissive attitudes towards alcohol use are discussed. This meeting is directly followed 
up by a meeting with other parents of students of the same class to reach consensus on a 
set of common rules (see also Koutakis et al., 2008), and written information in a brochure. 
Furthermore, adolescents receive an e-learning module on alcohol use at regular school 
hours. A clustered randomized trial showed positive effects of this combined program on 
juvenile weekly alcohol use and monthly drinking over 10 and 22 months (Koning et al.,
2009). Our findings suggest that prevention efforts are probably most effective in parents 
of children with the DRD2 risk-genotype, as those children are most likely to instigate 
drinking when their parents are permissive. Research on specific risk groups for which 
prevention programs might turn out to be more effective (see Gillham et al., 2006; Stice 
et al., 2009;) is important because it informs us about the conditions under which primary 
prevention of substance use can work (Holder, 2010) and because it increases the 
understanding of the mechanisms underlying effective prevention programs (Koning et 
al., 2011). Future prevention trials involving parent components might benefit from using a 
genetic informative design.
FOOTNOTE
1The frequently genotyped Taq1A polymorphism has been shown to actually lie in the gene 
adjacent to the DRD2 gene; the ankyrin repeat and kinase domain containing 1 (ANKK1) 
gene (Neville et al., 2004).
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CHAPTER 10
Best friends and alcohol use in adolescence: The role 
of the dopamine D4 receptor (DRD4) gene
Published as:
Van der Zwaluw CS, Larsen H, Engels RCME (2011) Best friends and alcohol use in adolescence: 
the role of the dopamine D4 receptor gene. Addiction Biology, epub ahead of print
ABSTRACT
The influence of friends and peers is theoretically one of the most consistent and important 
factors explaining adolescent alcohol use. However, not all adolescents are equally likely 
to be influenced by their friends' drinking behaviors. Genetic factors may underlie these 
inter-individual differences in susceptibility to the drinking behavior of friends. Since the 
long allele (> 7 repeats) of the dopamine D4 receptor (DRD4) gene has been associated with 
susceptibility to alcohol and alcohol-related cues, we tested whether associations between 
best friend's and adolescent's alcohol use differed for DRD4 genotypes. A Dutch, nationwide 
sample of 308 adolescents (age 13 at baseline) participated in a prospective, community- 
based study with five annual waves. A cross-lagged path analysis was carried out in Mplus 
to examine bi-directional relations between friends' and adolescents' weekly alcohol use 
(number of drinks). A multi-group approach was applied to test for moderation effects 
of a 48-base pair VNTR polymorphism in exon 3 of the DRD4 gene. Additionally, with latent 
growth curve models it  was examined whether the interaction between friends' drinking 
and DRD4 genotype predicted the development of adolescents' alcohol use. Results showed 
that both cross-sectionally and longitudinally, higher levels of friends' alcohol use resulted 
in higher levels of adolescents' alcohol consumption over time(and vice versa). No significant 
moderation of DRD4 genotype was found: Associations between adolescents' and friends' 
drinking did not differ for adolescent carriers of the DRD4 long allele, when compared to 
adolescents without the DRD4 long allele. Because this is the first study to examine DRD4 x 
friends' drinking effects prospectively, replication is essential. Future longitudinal studies, 
possibly with observational or diary designs, are needed to increase our understanding of the 
interplay between genetic and environmental risk factors for adolescent alcohol use.
INTRODUCTION
According to social learning theories, adolescent alcohol use is first learned in small, 
informal groups of peers and friends (Petraitis et al., 1995). It is in these groups that 
adolescents acquire beliefs about alcohol consumption, and initiate drinking by for 
instance imitating their friends' alcohol use. Cross-sectionally, alcohol consumption is 
indeed highly similar between adolescents and their close friends (Engels et al., 1999a). 
This homogeneity in drinking behavior of adolescents and their friends may be caused 
by the influences of friends' behavior on adolescents' drinking, or stem from the fact that 
adolescents select friends whose attitudes and behaviors resemble their own. Several 
studies have also examined the associations between adolescent drinking and friends’ 
alcohol use from a longitudinal perspective, generally showing that over time, adolescent 
alcohol use is affected by their (close) friends' drinking behavior (Engels et al., 1999a; 
Jaccard et al., 2005; Petraitis et al., 1995; Urberg, Degirmencioglu & Pilgrim, 1997). For 
example, Urberg and colleagues (1997) found that alcohol use of close friends predicted 
transition into current alcohol use of the adolescent, and that alcohol use of both close 
friends and friendship groups contributed to adolescent drinking to intoxication. In 
prospective studies that controlled for selection effects and previous alcohol use, effect
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sizes of associations between best friend's drinking and adolescent drinking generally 
decrease compared to those in cross-sectional studies, but are still reliably significant 
(Jaccard, Blanton & Dodge, 2005; Poelen et al., 2007).
Although friends' drinking seems to have a significant impact on adolescents' drinking, 
it is important to acknowledge that not all adolescents are equally likely to be influenced 
by their friends' behavior (Urberg et al., 2003). Genetic factors may be involved in this 
difference in susceptibility to risky environments between adolescents (Van der Zwaluw 
& Engels, 2009). Shanahan and Hofer (2005) propose that the combination of social 
contexts (e.g., friends' drinking) and specific genotypes may trigger a certain phenotype 
(e.g., adolescent alcohol consumption). This implicates that people's genetic make-up 
may make them more vulnerable to risky social contexts, such as having friends who 
are engaged in heavy episodic drinking, resulting in higher levels of alcohol (mis)use. In 
a study on Finnish twins, Dick et al. (2007c) found that friends' alcohol use moderated 
the relationship between genetic effects and adolescents' drinking: Genetic effects were 
higher in adolescents who reported a large number of drinking friends as opposed to 
adolescents with less drinking friends. This implies that risky environments (i.e. those in 
which a large number of friends consume alcohol) may generate opportunities for genetic 
predispositions to be expressed. In addition, Harden and colleagues (2008) concluded 
from their twin study that adolescents who were genetically liable to substance use also 
were more vulnerable to the influence of heavy substance use by their best friends. These 
twin studies suggest an interaction between genetic factors and friends' behavior, but do 
not provide information on the specific gene(s) involved.
Molecular studies that have examined the contents of this genetic factor underlying 
alcohol (mis)use have often focused on genes involved in the dopaminergic system. 
Alcohol increases dopaminergic activity in the brain (Pierce & Kumaresan, 2006), hereby 
causing pleasant or rewarding effects, and according to Robinson and Berridge (2003), 
dopamine reward circuits are involved in the urge to drink alcohol (also called incentive 
salience or craving). They propose that the urge to drink can result from the release of 
dopamine in the brain, which in turn is generated in response to alcohol-related cues or 
to small priming doses of alcohol. The D2-like family receptors (i.e. dopamine receptors 
D2, D3 and D4) presumably play a large role in the expression of craving (Hutchison et al., 
2002b). Therefore, genetic variation between individuals, in the form of genetic mutations 
or polymorphisms, may cause people to react differently to alcohol and alcohol-related 
cues.
The dopamine D4 receptor (DRD4) gene is one of the candidate genes that has 
received much attention in studies on alcohol (mis)use (Oak, Oldenhof & Van Tol, 2000). 
The DRD4 gene is located at chromosome 11 and contains a 48-bp variable number of 
tandem repeats (VNTR) polymorphism in exon 3 which has three common isoforms with 
two (D42), four (D44) and seven repeats (D47; Van Tol et al., 1991). The main function 
of the dopamine D4 receptor is to inhibit the enzyme adenylyl cyclase, hereby reducing 
the intracellular concentration of the second messenger cyclic adenosine monophosphate 
(cAMP), which is formed out of adenylyl cyclase. Asghari et al. (1995) showed that the D47 
receptor has a lower potency for dopamine-mediated coupling to adenylyl cyclase than 
the D42 and D44 receptors. Also Schoots and Van Tol (2003) found that the DRD4 7-repeat
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allele is associated with a suppressed expression of the gene, which may eventually result 
in chronically enhanced cAMP levels in DRD4 7-repeat allele carriers. Elevated cAMP 
levels, in turn, have been associated with increased sensitivity to dopaminergic rewards 
such as cocaine and alcohol (Wand et al., 2001).
Several studies have examined the relationship between the DRD4 VNTR long 
allele (i.e. > 7 repeats) and alcohol use or alcoholism in adults, with mixed results (see 
Oak et al., 2000 for an overview). With regard to studies focusing on adolescence and 
young adulthood, an association between the DRD4 long allele and heavy drinking in 
young adults has been reported (Namkoong et al., 2008; Ray et al., 2008; Skowronek et 
al., 2006). Skowronek et al. (2006) found the DRD4 long allele to be related to alcohol 
consumption among 15-year-olds and Namkoong et al. (2008) showed that children of 
alcoholics were more often carriers of the DRD4 long allele than children of non-alcoholics. 
A related line of research has focused on the role of the DRD4 gene in craving for alcohol 
and subjective responses to alcohol. It appears that persons with the DRD4 long allele 
have a greater urge to drink after a priming dose of alcohol (Hutchison et al., 2002b; Ray 
et al., 2010b) and that they show a greater neurological response to alcohol taste cues 
than persons homozygous for the DRD4 short allele (i.e. < 7 repeats; Filbey et al., 2008). 
Larsen et al. (2010c) found in an experimental study that the DRD4 long allele was not 
directly associated with students' observed drinking. However, the 7-repeat carriers did 
show a higher susceptibility to a specific alcohol cue (i.e. other people's drinking): they 
consumed twice as much alcohol as individuals without the long allele when they were in 
the company of a heavy drinking peer. The mechanism underlying this effect might be that 
DRD4 7-repeat allele carriers are more susceptible to peer pressure or are more prone 
to modeling effects. The results from the Larsen et al. (2010c) study also suggest that 
individual differences in vulnerability for alcohol cues, such as the drinking behavior of a 
confederate, may be partly accounted for by genetic variation in the DRD4 gene. If people 
are acquainted with heavy drinking peers, and thus are frequently exposed to alcohol 
cues, they are assumed to be more prone to increased alcohol consumption themselves, 
especially when they have the DRD4 long allele.
In the current study we extend the existing literature by examining the associations 
between adolescents' DRD4 VNTR genotype, best friends' drinking and adolescents' 
alcohol use over five annual waves. As alcohol consumption is a developmental process, 
with different subsequent stages involved, peer influences might differ over time (Poelen 
et al., 2007). Therefore, a longitudinal design in which we took bi-directional relations 
between friends' drinking and adolescents' alcohol consumption into account was 
used (cf., Engels et al., 1999a; Poelen et al., 2007). Following Larsen et al. (2010c) we 
hypothesized that DRD4 genotype would moderate the relationship between adolescent 
alcohol consumption and the alcohol use of their best friends. We expected that adolescent 
carriers of the DRD4 long allele would show higher levels of alcohol use if their friends 
report high levels of drinking, than adolescents who did not carry the DRD4 long allele. 
To our best knowledge, this is the first study to examine interactions between the DRD4 
genotype and friends' drinking in a longitudinal design.
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METHODS
Sample
Data were derived from the longitudinal Family and Health sample consisting of five 
annual waves (see for details on the sample selection procedure Van der Vorst et al., 2005). 
At Time 1 (T1) in 2002, 428 Dutch adolescents participated in the study. As only a small 
minority of adolescents (n = 5) and their parents (n = 21) were not born in the Netherlands, 
the adolescent sample consisted mainly of Caucasian participants. Forty-eight percent 
of the T1 sample was male and adolescents were on average 13.4 years old (SD = .50; 
range 13-15). Over time, 416 (97%), 401 (94%), 338 (79%), and 305 (71%) adolescents 
participated at Time 2 (T2), Time 3 (T3), Time 4 (T4), and Time 5 (T5), respectively. By 
means of oragene containers, saliva samples of 311 adolescents were collected at T4 
(Oragene, DNA Genotek Inc, Ottawa, Ontario, Canada). Due to low saliva quality three 
adolescents could not be genotyped, resulting in a total sample of 308 adolescents for 
whom genetic data was available. Attrition chi square analyses showed that adolescents’ 
alcohol use, best friends' drinking and gender at T1 did not significantly differ between 
adolescents who were not genotyped (n = 120) and those who were (n = 308; p > .10). 
Also, DRD4 genotype frequencies did not differ between Caucasians (adolescents and 
their parents were born in the Netherlands) and those that might have been of a non- 
Caucasian ethnical descent (adolescents or parents were born elsewhere). Informed 
consent of participants and their parents was acquired beforehand and the Medical Ethical 
Commission on Human Research in the Netherlands approved the data collection.
Measures
Adolescents' alcohol consumption. Adolescents were asked how many alcoholic drinks they 
had consumed during the past week, at home and outside, on weekdays and in weekends 
(Engels et al., 1999b). These 4 subscales were summed to create one intensity-of- 
drinking measure. Self-reports regarding alcohol use have proven to be a reliable source 
of information (Engels et al., 2007) and the current measure of weekly drinking has been 
successfully used in other samples and studies (Van Zundert et al., 2006).
Friends' alcohol consumption. Adolescents were asked to report on their best friend's 
alcohol use by means of the questions: 'How many alcoholic drinks did your best friend 
drink in the past seven days at home?' and 'How many alcohol drinks did your best friend 
drink in the past seven days when he/she was not at home?'. The sum score of these 
two items gives an indication of the number of glasses consumed by the adolescent's 
best friend in the past week. In a study by Poelen et al. (2007), adolescents' estimates of 
their best friend's drinking were compared to the best friend's self reports on alcohol use. 
Adolescents' perceptions of their friend's drinking and the best friend's actual reported 
alcohol use were in high agreement, indicating that adolescents are quite accurate in 
estimating their best friend's alcohol use.
Genotyping. The 48-bp direct repeat polymorphism in DRD4 was genotyped as follows: 
From 10 ng genomic DNA a fragment was amplified in a 10 pl volume with 0.05 pM 
fluorescently labeled forward primer (Vic-5'-GCGACTACGTGGTCTACTCG-3') and 
reverse primer (5'-AGGACCCTCATGGCCTTG-3'), 0.4 mM dNTPs and 0.5 U La Taq 
(Takara, Lonza Verviers Sprl, Verviers, Belgium), in GC I buffer (Takara, Lonza Verviers
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Sprl) with 1 M betaine. The cycling conditions for amplification involved 1 minute at 94 °C, 
followed by 35 cycles of 30 seconds at 94°C, 30 seconds at 58°C and 1 minute at 72°C 
and an extra 5 minutes at 72°C. Subsequent determination of the length of the alleles 
was performed by direct analysis on an automated capillary sequencer (ABI3730, Applied 
Biosystems, Nieuwerkerk a/d IJssel, The Netherlands) using standard conditions. Five 
percent duplicates and blanks were taken along as quality controls during genotyping. 
DRD4 genotype was dummy-coded into a risk group (at least one long, > 7 repeats allele) 
and a non-risk group (homozygous for the short, < 7 repeats allele) (cf. Hutchison et al., 
2002b; Larsen et al., 2010c).
Statistical Analyses
Means and standard deviations of friends' and adolescents' alcohol consumption were 
calculated with the Statistical Package for the Social Sciences 17.0 (SPSS Inc., Chicago, 
IL, USA). With general linear model repeated measures it was examined whether weekly 
drinking of adolescents varied significantly over time. This analysis was conducted for 
friends' drinking as well. Paired samples t-tests showed whether the alcohol use of 
adolescents differed from that of their best friends. A chi square crosstab calculation 
showed whether DRD4 genotype frequencies differed between males and females. 
Pearson correlations between DRD4 genotype and friends' alcohol use at each time point 
were conducted to rule out the possible presence of a confounding gene-environment 
correlation (Van der Zwaluw & Engels, 2009).
Structural equation modeling (SEM) was used to test longitudinal, bidirectional 
associations between adolescents' and best friends' alcohol use in a cross-lagged path 
model (see Figure 1) in Mplus (Muthen & Muthen, 1998-2010). Cross-relations over 
time allow testing for causal predominance: Does friends' drinking predict adolescents’ 
alcohol use or vice versa? At all five waves, alcohol use of adolescents and their friends 
was defined by a manifest parameter that represented all individual items of the weekly 
drinking scale (i.e. number of glasses) by means of the sum score of these items. Because 
the alcohol variables showed a skewed distribution, we applied an ln-transformation of 
the number of glasses plus 1 (cf. Spijkerman et al., 2010), which substantially reduced 
the skewness and kurtosis. We used the full-information maximum likelihood estimator 
with robust standard errors (MLR) to ensure that parameter estimates would be corrected 
for skewness of the data (Muthen & Muthen, 1998-2010). Mplus has several possibilities 
to handle missing values depending on the estimation method used. In the current study 
all available information in the data was used by means of pair-wise information of each 
combination of two variables. Cross-sectional disturbance terms were free to correlate.
Moderation effects of DRD4 genotype were tested with multi-group analyses. 
Differences in structural paths between the two groups (i.e. adolescents with at least one 
DRD4 long allele vs. adolescents with two DRD4 short alleles) were examined with a 
chi-square difference test by comparing the unconstrained model with two constrained 
models; one with equal stability paths across DRD4 genotype and one with equal stability 
and equal cross-lagged paths across DRD4 genotype (cf. Larsen et al., 2010b). As the 
MLR-estimator yields robust chi-square values, these were first rescaled to standard chi- 
square values before computing the chi-square difference tests. Three-way interactions 
with the adolescent's sex could not be examined because of lack of statistical power due
DR
D4
, B
EST
 F
RIE
ND
S' 
DR
INK
ING
 A
ND
 A
LC
OH
OL
 U
SE
to low sample sizes in the DRD4 risk group (n = 114).
A latent growth curve analysis was conducted, in which individual development of 
adolescent alcohol use over five waves was examined. In this way we could test whether 
the results of a growth curve analysis would corroborate the outcomes of the cross-lagged 
path analysis. Latent factors for the slope were fixed at 0, 1, 2, 3, and 4 for T1, T2, T3, 
T4, and T5, respectively, indicating a linear development of alcohol use. However, as 
adolescent alcohol use did not increase in a linear way in the current sample (see Figure 
2), a quadratic growth factor was added to the model. The interaction between best 
friend's drinking at T1 and DRD4 genotype was added to the model as a predictor, to 
examine whether the relationship between best friend's drinking and the development of 
adolescents' alcohol use differed for DRD4 genotypes. Adolescents' sex was added to the 
latent growth curve analyses as a covariate.
Additionally, to examine age-specific gene-environment interactions, a latent growth 
curve analysis was carried out in which best friend's drinking levels at T1 to T5 were 
added to the model as time-varying covariates and DRD4 genotype as a time-invariant 
covariate (Muthen & Muthen, 1998-2010, p.114, see Figure 3 for the model). Subsequently, 
time-specific interaction effects between DRD4 genotype and friend's drinking on the 
adolescent's alcohol use were added to the model. In all analyses model fit was assessed 
by chi-square values (df), the Comparative Fit Index (CFI) and the Root Mean Square 
Error of Approximation (RMSEA).
Figure 1. Cross-Lagged Path Model for the Total Sample (n = 308; Standardized Estimates)
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Figure 2. Latent Growth Curve Model
A ge
Figure 3. Latent Growth Curve Model with Best Friend's 
Alcohol Use and DRD4 x Best Friend's Alcohol Use Interaction as Time-Varying Covariates DR
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RESULTS
Descriptives and correlations
Means and standard deviations of alcohol consumption of the adolescents and their 
best friends are depicted in Table 1. Weekly drinking of both the adolescents and their 
best friends increased significantly over time (F(4, 224) = 53.91, p < .001, partial eta 
squared (PES) = .49; F(4, 180) = 50.63, p < .001, PES = .53, respectively). Repeated 
contrasts showed that, except for the difference in alcohol use between T4 and T5, alcohol 
use at all time points differed significantly from each other for adolescents and their best 
friends. Separate paired samples t-tests showed that best friends drank significantly more 
than the adolescents at T1 (t(402) = -4.42, p < .001), and that adolescents consumed 
more alcohol than their best friends at T4 and T5 (t(263) = 2.90, p < .01; t(224) = 3.56, 
p < .001, respectively). There were no differences at T2 and T3. Genotype frequencies 
are presented in Table 2 and largely correspond to genotype frequencies found in other 
predominantly Caucasian samples (e.g., Hutchison et al., 2002a, 2002b; Sullivan et al.,
1998). Genotype frequency distributions did not differ between males and females (x2(1) 
= .30, p = .58) and no deviations from Hardy Weinberg equilibrium were detected (x2(1) = 
1.09, p = .30). Except for the correlation between DRD4 genotype and friends' drinking at 
T2 (r = -.13, p = .03), DRD4 genotype was not significantly associated with friends' drinking 
at the p < .05 level (-.12 < r < -.01), making it unlikely that gene-environment correlations 
confound the results.
Table 1.
Means (SD) of Adolescents' and Best Friends' Alcohol Use (# of Drinks) in the Past Week
T1 T2 T3 T4 T5
Adolescents’ alcohol use .98 3.11 5.70 10.84 11.06
(1.95) (5.17) (7.71) ( 1 2 .6 8 ) (13.33)
Best friends’ alcohol use 1.50 2.90 5.13 9.31 8 . 8 6
(2.49) (4.23) (5.70) (10.44) (8.06)
Cross-lagged path analyses
Figure 1 shows the model estimates for the total sample. Model fit was good (x2(24) = 
61.06, p < .001, CFI = .96, RMSEA = .06). Significant, positive cross-sectional associations 
were found between adolescents' and friends' drinking. Additionally, stability in drinking of 
the adolescents and their best friends over time was relatively high. Cross-lagged paths 
were all positive and generally significant. Friends' drinking predicted adolescents' alcohol 
use over time, except from T4 to T5. Adolescents' alcohol use predicted friends' drinking 
over time, except from T2 to T3.
To examine whether the cross-lagged paths differed for those adolescents with and 
without the DRD4 long risk allele, multi-group analyses were conducted. No significant 
decreases in fit were found by constraining stability paths (constrained model: x2(56) = 
88.44, p < .001; Ax2(8) = 4.75, p = .78) or both stability and cross-lagged paths (constrained 
model: x2(64) = 92.24, p < .001; Ax2(8) = 4.17, p = .84). This implies that the structural 
paths did not significantly differ between adolescent carriers of the DRD4 long allele and 
those homozygous for the DRD4 short allele.1
1
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Table 2. DRD4 VNTR Genotype Frequencies
Genotype n %
2 / 2 2 . 6
2/3 3 1 . 0
2/4 34 1 1 . 0
2/5 1 .3
2/7 1 1 3.6
2 / 8 1 .3
3/3 1 .3
3/4 16 5.2
3/7 7 2.3
4/4 128 41.6
4/5 5 1 . 6
4/6 4 1.3
4/7 72 23.4
4/8 4 1.3
5/7 1 .3
5/8 1 .3
7/7 14 3.3
7/8 3 1 . 0
Total 308 1 0 0 . 0
Genotype classification
Short (no risk) 194 63.0
Long (risk) 114 37.0
Total 308 1 0 0 . 0
Note. Short = homozygous fo r two alleles with less 
than 7 repeats. Long = homozygous or heterozygous 
for an allele with 7 repeats or more.
Latent growth curve analyses
The basic latent growth curve model without predictors showed a satisfactory fit 
(X2(6) = 26.00, p < .001, CFI = .93, RMSEA = .09). Adolescents' alcohol use increased 
significantly over time (mean slope = .50, p < .001). The significant variance of the slope (p 
= .015) indicated that individual differences existed in the increase of alcohol consumption 
over time. Also the intercept and the quadratic trend differed significantly from zero (mean 
intercept: .42, p < .001; mean quadratic trend: -.04, p < .01; see Figure 2). Neither friends’ 
drinking at T1 nor DRD4 genotype significantly predicted the development (slope) of 
adolescent alcohol use over time (p = .03, p = .78; p = -.04, p = .71, respectively). Also sex 
was no significant predictor of the growth of adolescents' drinking (p = -.14, p = .16). In 
addition, no significant moderation effect of DRD4 was found: associations between best 
friends' drinking and adolescents' increase in alcohol use over time did not differ between 
the DRD4 long allele carriers and the adolescents who were homozygous for the DRD4 
short allele (p = .01, p = .91; model fit of the total model: x2(14) = 44.75, p < .001, CFI = 
.93, RMSEA = .07).2
The latent growth curve analysis with friends' drinking as time-varying covariates
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showed that alcohol consumption levels of adolescents and friends were positively related 
to each other (.39 < p < .52, p < .001). There was no significant effect of sex and DRD4 
genotype on the development of adolescents' alcohol use (p = -.13, p = .67 and p = .32, p 
= .52, respectively). Apart from T4 (p = -.12, p < .01), interactions between DRD4 genotype 
and best friend's drinking were not significant (-.11 < p < .00, p > .05).
DISCUSSION
This study was the first to investigate whether inter-individual differences in 
susceptibility to friends' drinking would depend on adolescents' genetic make-up. We 
specifically examined whether longitudinal bidirectional relationships between alcohol use 
of adolescents and their best friends differed between DRD4 VNTR genotypes. Results 
showed that cross-sectionally, adolescents and their friends were highly similar in drinking 
behavior. Over time, associations between adolescents' alcohol use and that of their best 
friends were generally positive and reciprocal, indicating that higher levels of friends’ 
drinking resulted in higher levels of adolescents' alcohol consumption over time and vice 
versa. The similarities in drinking and the reciprocal influences between adolescents and 
friends are consistent with earlier research on this topic (e.g., Engels et al., 1999a; Urberg, 
Degirmencioglu & Pilgrim, 1997). Mechanisms underlying this relationship may be that 
adolescents model their friends' alcohol use (Quigley & Collins, 1999), or that friends or 
their behavior act as craving cues through which adolescents initiate or increase their 
drinking (Larsen et al., 2010b, 2010c). Although these adolescents might seem rather 
young to have fully developed a sensitized incentive salience system in the brain that is 
activated by environmental cues such as friends' drinking, the majority of the participants 
in the last waves of the study can nonetheless look back on an adolescent phase in which 
both they and their best friends regularly consumed alcohol. Moreover, several scholars 
have proposed that alcohol (mis)use is set in motion via attention being directed to alcohol- 
related cues in the environment and that this process is likely to start during adolescence 
(Robinson & Berridge, 2003; Wiers et al., 2007). Thus, the development of alcohol (mis) 
use can be accompanied by an increased tendency to become distracted by alcohol- 
related cues, such as friends consuming alcohol. Field et al. (2007) found that adolescent 
heavy drinkers, but not light drinkers, were slower to colour-name alcohol-related words 
than control words on the Stroop test, indicating an attentional bias for alcohol-related 
cues already present in adolescence. Future longitudinal studies that proceed into 
adulthood are needed to examine if there is a threshold for the level of alcohol one must 
have consumed for these sensitization processes to take place.
Our hypothesis regarding the moderation effect of the DRD4 genotype was not 
confirmed; associations between best friends' and adolescents' alcohol consumption were 
not different for adolescents with the DRD4 long (risk) allele, compared to those who were 
homozygous for the DRD4 short allele. Based on the existing literature, albeit still limited, 
we expected to find an interaction between the DRD4 genotype and friends' drinking, as 
several studies demonstrate DRD4 long allele carriers to be more sensitive for alcohol 
cues and priming doses of alcohol (Filbey et al., 2008; Hutchison et al., 2002b; Ray et al., 
2010b). Additionally, Larsen et al. (2010c) found DRD4 7-repeat allele carriers to be more 
susceptible for other people's drinking compared to adolescents who were homozygous
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for the DRD4 short allele. An explanation for the discrepant results of the present study 
might lie in differences in study designs and analytical approaches. Larsen et al. (2010c) 
used an experimental design in which immediate effects of a confederate's drinking on 
the subject's observed alcohol use could be assessed, while in the current study, annual 
waves with self-reported alcohol use were applied. It might be that time intervals of one 
year are too large to adequately examine subtle influence effects that may vary between 
persons with different DRD4 genotypes. This may also explain the fact that in the latent 
growth curve model, friends' drinking at T1 did not significantly predict adolescents' growth 
in alcohol use over the course of five years. Also, friendships may be rather short-lived 
during adolescence; new friends are acquired, while other friendships are discarded, 
hereby complicating the study of relationships between friends' and adolescents' behavior. 
By the same token, it might be that the DRD4 risk genotype exerts a more immediate 
effect by directly influencing a person's urge to drink or his susceptibility to alcohol cues 
when encountering a situation that is characterized by alcohol (e.g., entering a bar or 
seeing other people drink). This would indicate that to capture causality, effects of the 
DRD4 gene ought to be measured on a more direct level with shorter time-spans between 
the measurements. For example, observational studies in lab settings that represent 
a naturalistic drinking condition are suitable to examine direct imitation and interaction 
effects between friends and adolescents, also on a micro level (Larsen et al., 2010a; 
Quigley & Collins, 1999). As DRD4 long allele carriers appear to be more sensitive for 
alcohol cues than those without the long allele (e.g., Ray et al., 2010b), it might be that this 
vulnerability is already present at sipping level. Observational studies in which the DRD4 
genotype is included could shed more light on these issues. Also, diary studies provide a 
means to study associations between gene-environment interactions and alcohol use in a 
direct and naturalistic way (Carney et al., 2000).
Another explanation for our results not being in line with those of Larsen et al. (2010c) 
may be that the adolescent participants in the current study were younger than the college 
students in the Larsen et al. (2010c) study. Robinson and Berridge (2003) propose that 
drugs and alcohol cause the mesolimbic dopamine system in the brain to be hypersensitive 
to its effects (sensitization). Through Pavlovian conditioning, the brain 'learns' that alcohol- 
related cues, such as seeing a friend drink, are associated with a pleasurable state of mind. 
Incentive salience of alcohol is then elicited not only in response to alcohol consumption, 
but also when alcohol-related stimuli are encountered, via activation of the mesolimbic 
dopamine circuit. It might be that especially the early adolescent participants in the present 
study were not (yet) old enough to have consumed sufficient alcohol for the dopaminergic 
circuit to be sensitized, which would prevent the DRD4 genotype from having a moderation 
effect. A  recommendation for future research would thus be to replicate this study in 
(young) adult participants, or to apply a longitudinal, developmental study that proceeds 
into adulthood.
In previous research, the DRD4 VNTR has been associated with alcohol (mis)use 
in both adults and adolescents (e.g., Ray et al., 2008) and with increased subjective 
craving for alcohol (e.g., Hutchison et al., 2002b). Filbey et al. (2008) found that in DRD4 
long allele carriers alcohol-related cues elicited greater activation of mesocorticolimbic 
structures, such as the putamen and the anterior cingulate gyrus, than in those
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homozygous for the DRD4 short allele. Despite these promising findings, it is important 
to highlight that the neurological mechanism behind the presumed association between 
this DRD4 polymorphism and alcohol use is far from completely elucidated. Moreover, 
it remains unclear how a genetic polymorphism increases someone's vulnerability to 
adverse environments. It might be that the DRD4 genotype predisposes to an intermediate 
phenotype (endophenotype), such as craving (Hutchison et al., 2002b) or certain 
personality traits. Animal studies suggest a role of the DRD4 receptor in attention and 
cognition processes (Dulawa et al., 1999). In humans, the DRD4 VNTR polymorphism 
has been repeatedly associated with attention-deficit hyperactivity disorder (ADHD; see 
Nikolaidis & Gray, 2009 for a meta-analysis) and novelty seeking (e.g., Laucht et al.,
2007). Both ADHD and novelty seeking are in turn known to increase the risk for alcohol 
use and dependence (Hittner & Swickert, 2006; Ohlmeier et al., 2008). Two studies have 
indeed found that the effect of DRD4 genotype on problematic alcohol use in college 
students is (partially) mediated by novelty seeking (Laucht et al., 2007; Ray et al., 2008). 
These studies, in which an endophenotypical approach is applied, are an initial step to 
understanding the specific pathway of risk through which the DRD4 VNTR polymorphism 
may exert its effects. Nevertheless, much work remains to be done, leaving ample room 
for future studies (see Dick et al., 2006 for an elaborated discussion).
The results of our study should be interpreted in the context of its limitations. Best 
friends' drinking was based on adolescents' perceptions. As adolescents tend to project 
their own behavior on their friends, friends' drinking might be under- or overestimated 
(Bauman & Ennett, 1996). Although Poelen et al. (2007) showed that adolescents were 
rather accurate in their estimations of their best friend's drinking, a perception bias may 
be an explanation for the significant differences that we found between the alcohol 
consumption levels of the participants and their best friends at T1 (friends consumed 
more), T4 and T5 (friends consumed less). Differences that were not hypothesized, as 
adolescents and their friends were assumed to derive from the same population and 
thus to have similar levels of alcohol use. Steinberg and Monahan (2007) showed that 
early adolescents are especially susceptible to peer influences, perhaps resulting in an 
overestimation of their friends' alcohol use in early adolescence. As adolescents grow 
older, resistance to peer influence increases, which perhaps causes adolescents to pay 
less attention to their friends' (drinking) behavior and underestimate their alcohol use. 
A methodological limitation concerns our relatively small sample size, which may have 
resulted in reduced statistical power to detect significant relationships, and which may 
explain the fact that we did not find a moderation effect of DRD4 genotype. Although power 
calculations showed that we had sufficient power to detect gene-environment interaction 
effects (Quanto; Gauderman, 2002), future studies with similar or larger samples should 
attempt to replicate our findings (see also Van der Zwaluw & Engels, 2009).
In conclusion, in a five-wave longitudinal study it was found that adolescents' drinking 
is positively affected by the alcohol use of their best friend. No evidence for a moderation 
effect of DRD4 genotype was found; adolescents with the DRD4 long allele were not more 
affected by their best friends' drinking than adolescents with two DRD4 short alleles. As 
this is, to our best knowledge, the first study to examine DRD4 x friends' drinking effects 
prospectively, replication is essential. Future longitudinal, observational and diary studies
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are needed to increase our understanding of the interplay of genetic and environmental 
risk factors for adolescent alcohol use.
FOOTNOTES
1 Although there is evidence for a functional role of the DRD4 VNTR, some studies have 
shown that there is no linear relationship between the number of repeats in the DRD4 VNTR 
and its biological activity (Asghari et al., 1995; Oak et al., 2000). This may raise concern 
about the pooling of the several different repeats into one group (for example pooling the 
7/8 genotypes and the 7/7 genotypes into one group). Asghari et al. (1995) found that the 
potency of dopamine to inhibit cyclic AMP formation was reduced for the 7-repeat allele, 
when compared to the 2- and 4-repeat alleles, indicating decreased functional activity of 
the 7-repeat allele. However, the 10-repeat allele, conversely, was associated with higher 
levels of activity than the 2-repeat allele. Hence, we also tested a dominant model in 
the multi-group analysis only for those adolescents whose genotypes comprised two-, 
four- and seven-repeat sequences (n = 261). No significant moderation effect of DRD4 
genotype on the relationship between best friend's drinking and the adolescent's alcohol 
use was found (fully constrained model: x2(64) = 85.06, p = .04; Ax2(16) = 14.32, p = .52).
2 In addition to a dominant influence model of DRD4 genotype (short/short vs. short/long 
and long/long), we also tested an additive model (short/short vs. short/long vs. long/long). 
Results did not change notably; no significant direct effects of DRD4 genotype and friend's 
drinking, and no significant interaction effects on the development of adolescents' alcohol 
use were found (p = .02, p = .83; p = -.04, p = .71; p = -.07, p = .61, respectively). 
Also restraining the analyses to solely those adolescents whose genotypes comprised 
two-, four- and seven-repeat sequences did not reveal any significant effects on the 
development of adolescents' quantity of alcohol consumption over time, both in an additive 
model (DRD4 genotype: p = .02, p = .83; friend's drinking: p = -.04, p = .71; interaction: p = 
-.07, p = .61) and in a dominant model (DRD4 genotype: p = -.03, p = .77; friend's drinking: 
p = -.04, p = .70 interaction: p = .05, p = .70).
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Ergo bibamus A
(Therefore, le t  us drink)
Poem (written in 1810) by Jonathan Wolfgang von Goethe
CHAPTER 11
Gene-environment interactions in alcohol use and 
dependence: A review
Published as:
Van der Zwaluw CS, Engels RCME (2009) Gene-environment interactions and alcohol use and 
dependence: current status and future challenges. Addiction 104:907-914
ABSTRACT
The aim of this study was to discuss the current status of gene-environment interaction 
research with regard to alcohol use and dependence. Further, we highlight the difficulties 
concerning gene-environment studies. We give an overview of the current evidence for gene­
environment interactions in alcohol outcomes, and of the associated challenges in gene­
environment studies. Attention for the causative roles of gene-environment interactions in 
alcohol use and dependence is increasing. Studies with twin designs are beginning to examine 
gene-shared environment effects and animal studies have investigated gene-environment 
interaction effects on alcohol intake in primates. Thirteen studies incorporated gene­
environment interactions in examining alcohol use or dependence in humans. These studies 
held a variety of candidate genes and environmental risk factors and their heterogeneity 
made it  impossible to draw firm general conclusions. Challenges for future gene-environment 
studies are abundant, and consist of a.o. the development of clear theoretical assumptions 
about neurobiological mechanisms, and the recruitment of large longitudinal samples that 
already start in childhood. Replication is essential to prevent an overload of false-positive 
results. Despite the difficulties, it  is crucial to include gene-environment interactions in 
future studies to unravel etiological factors of human alcohol outcomes.
INTRODUCTION
Twin, adoption, and family studies have convincingly shown that a substantial genetic 
influence is present in addictions, including alcohol dependence. Family studies have 
indicated that alcohol dependence runs in families (e.g., Hill et al., 2000; Sher et al., 
1991), while adoption studies revealed that alcohol dependence in adoptees was related 
to alcohol dependence in biologic but not in adoptive parents (Cloninger et al., 1981). The 
majority of knowledge on the inheritance of alcohol use and dependence, however, comes 
from patterns of correlations in monozygotic (MZ) and dizygotic (DZ) twins (Goldman et 
al., 2005). Several twin studies found that 40-60% of the variation in liability for alcohol 
abuse or dependence was explained by genetic factors (Heath et al., 1997; Kendler et 
al., 1997; McGue, 1999; Prescott & Kendler, 1999; Prescott et al., 1994a). A review of 
Goldman, Oroszi, and Ducci (2005) showed that -  across a number of twin studies with 
large samples -  heritability of alcohol dependence was .58 on average.
In trying to explain the genetic basis for alcohol (ab)use, molecular genetic research 
has described a number of candidate genes that might be associated with susceptibility 
for alcohol consumption and dependence. While most studies focused on dopamine 
transporter and receptor genes (Blum et al., 1996b; Munafo et al., 2007; Noble, 2003), 
others examined the roles of gamma aminobutyric acid (GABA) receptor genes (Covault et 
al., 2004; Edenberg et al., 2004; Schuckit et al., 1999), serotonin transporter and receptor 
genes (Feinn et al., 2005; Herman et al., 2003; Schuckit et al., 1999), and opioid receptor 
genes (LaForge et al., 2000; Van der Zwaluw et al., 2007). By means of association studies 
with primarily case-control designs, main effects of genetic polymorphisms on alcohol use 
and dependence were tested. However, findings across studies were generally mixed (see 
e.g., Van der Zwaluw et al., 2007 and for a review Buckland, 2008).
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For more than a decade now, it is acknowledged that to understand (the causes 
for) individual differences in phenotypes such as alcohol use and dependence, it is not 
sufficient to know to what extent genes or environment affect the behaviour, but that the 
focus of interest should shift toward the interactions between genes and environment 
(Rutter, 2002). That is, genetic effects on behaviour occur because they affect an 
individual's susceptibility to adverse environments (Rutter et al., 1997). As such, adverse 
environments, such as negative or inadequate parenting, may create a risk, depending 
on genetic susceptibility factors (Rutter et al., 2001; Rutter & Silberg, 2002). A neo­
classical example of a gene-environment interaction (GxE) linked to psychopathology 
comes from a long-term prospective study by Caspi et al. (2002) showing that a functional 
polymorphism in the monoamine oxidase A (MAOA) gene was only associated with later 
antisocial problems if children were maltreated by their parents1. From this study, it may be 
concluded that attention should shift from the scientific study of environment or heritability 
to GxE effects, as several scholars have stressed in the past decade (e.g., Moffitt, 2005; 
Moffitt et al., 2006; Rutter, 2006), and that it should be examined under which conditions 
genotypes express in specific drinking behaviours (Rutter et al., 1997).
With respect to the field of alcohol research, Heath and Nelson (2002) pointed to two 
main reasons for the need to focus on GxE effects in genetic epidemiological research. 
First, a lack of attention to genetic effects in studies on environmental risk factors may 
lead to wrong conclusions about the roles of specific environmental factors for alcohol 
use and dependence. For instance, if genetic factors are not taken into account, and 
findings show that peer drinking influences adolescents' development of alcohol use, this 
might lead to the erroneous conclusion that adolescents model their peers' behaviours 
through various social learning principles. However, it is possible that peer drinking has 
only effect if adolescents have a genetic risk for drinking (Dick et al., 2007b; Poelen et al.,
2007) and, furthermore, assortative mating with drinking peers may be partly genetically 
determined (Rose & Dick, 2005). Second, studies exclusively examining genetic effects 
might underestimate the influence of specific genes if these effects are only present, 
or strong and consistent, under specific environmental circumstances. For instance, a 
polymorphism in the serotonin transporter gene, 5-HTTLPR, has been linked to alcohol 
sensitivity, alcohol consumption, frequency of intoxication, and alcohol dependence (see 
for a meta-analysis Feinn et al., 2005). Nilsson et al. (2005) showed that the effects of 
5-HTTLPR genotypes on alcohol intoxication were particularly strong when adolescents 
reported poor family relations.
GXE STUDIES WITH BEHAVIORAL GENETIC DESIGNS
There have been few attempts to examine GxE effects with behavioral genetic designs, 
for example in twin samples. Heath and colleagues (1999) found that alcohol consumption 
in women was affected by a genotype x marital status interaction: genetic factors were 
more pronounced in women who were not married. Koopmans et al. (1999) found that 
religious upbringing reduced genetic effects on alcohol use initiation, especially in females. 
Rose et al. (2001) showed that genetic factors had a larger influence on alcohol use when 
subjects lived in rural areas, compared to urban areas. Harden et al. (2008) reported that 
effects of best friends' tobacco or alcohol use were highest for adolescents who were
1
1
genetically vulnerable, indicating a GxE effect. These studies have not been replicated 
(yet). Reviews of GxE effects in twin designs can be found elsewhere (Heath & Nelson, 
2002; Heath et al., 2002).
GXE STUDIES IN PRIMATES
A renowned line of research deals with GxE effects and alcohol use in nonhuman 
primates, such as macaques, baboons and vervet monkeys. Barr and colleagues 
(2004b) tested interactions between a polymorphism in the serotonin transporter gene 
and environmental stressors on voluntary alcohol consumption in macaques. This 
polymorphism, named rh5-HTTLPR, is orthologous to the functional polymorphism in the 
serotonin transporter gene promoter in humans. Barr et al. (2004a,c) provide evidence for 
the assumption that especially monkeys with the rh5-HTTLPR short allele experiencing 
psychosocial stressors (i.e., growing up in parent-deprived, peer-only contexts), consumed 
high levels of alcohol. Due to the high similarity between primates and humans, primates 
could serve as subjects for research modelling etiological factors of human alcohol 
outcomes (Barr et al., 2004c), and in doing so showed GxE effects on alcohol intake.
GXE STUDIES IN HUMANS
A Pubmed search revealed a small number of studies (n = 13) that tested GxE effects 
on alcohol outcomes in humans.2 Bau et al. (2000) and Madrid et al. (2001) examined the 
TaqI A1 allele of the dopamine receptor D2 gene (DRD2) in relation to alcohol dependence. 
Both studies showed that individuals with the DRD2 A1 allele who also experienced 
high levels of stress reported higher levels of alcohol dependence, providing support for 
interaction effects between the DRD2 A1 allele and stress on alcohol dependence.
Several studies examined a polymorphism (5-HTTLPR) in the 5' regulatory region 
of the serotonin transporter gene, and its interaction with a variety of environmental 
factors in relation to alcohol use, with contradictory results. Interactions were found 
between 5-HTTLPR s/l genotype and quality of family relations (Nilsson et al., 2005) and 
maltreatment (Kaufman et al., 2007) on (adolescent) alcohol use. Covault et al. (2007) 
found the 5-HTTLPR s/s genotype to increase the risk for drinking in college students if 
they had experienced multiple negative life events, while Olsson et al. (2005) found the 
5-HTTLPR s/s genotype to protect against binge drinking if subjects showed a secure 
attachment style. In contrast, Dick and coworkers (2007d) and Gacek et al. (2008) did 
not And an interaction between 5-HTTLPR genotype and stressful life events on alcohol 
dependence and binge drinking, respectively.
Three studies found interactions between a polymorphism in the promoter region of 
the monoamine oxidase A gene (MAOA-LPR) and alcohol use or dependence. Nilsson 
et al. (2007) showed that maltreatment and quality of family relations interacted with the 
MAOA-LPR 3-repeat allele in predicting alcohol-related problem behaviour in males. This 
relationship was also present for females, though only for the MAOA-LPR 4-repeat allele 
(Nilsson et al., 2008). Ducci and coworkers (2007) found that an interaction between 
the MAOA-LPR 3-repeat allele and sexual abuse during childhood was associated with 
antisocial alcoholism, but not with alcoholism in general. Interactions between MAO-B 
haplotypes and sexual abuse were not significantly related to (antisocial) alcoholism.
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Dick et al. (2007a) found an interaction between a Single Nucleotide Polymorphism 
(SNP) in the GABRA2 gene (rs 279871) and marital status on alcohol dependence; 
married individuals with the GABRA2 A/A genotype were more often affected by alcohol 
dependence than married individuals without the GABRA2 risk allele.
Finally, Blomeyer et al. (2008) found that adolescents homozygous for the C allele of a 
SNP in the CRHR1 gene (rs 1876831) consumed more alcohol and showed more heavy 
drinking if they experienced more than 3 negative life events than adolescents carrying the 
T allele.
CURRENT STATUS OF GXE STUDIES IN ALCOHOL USE AND DEPENDENCE
Although above mentioned studies provide new and exciting insights into the interplay 
between specific genotypes and environmental stressors on alcohol outcomes, their 
heterogeneity makes it difficult to compare them. Variations in terms of genes, environmental 
risk factors, phenotypes (alcohol use, alcohol-related problems and dependence 
measures), sample sizes and characteristics, and study designs make it impossible to 
draw conclusions about patterns of findings across studies. Flint and Munafo (2008) warn 
for the possibility that all significant GxE reports may be false positives, mainly due to the 
small sample sizes of most GxE studies. Although this is perhaps a bit too pessimistic 
(see for a more positive view Uher, 2008a), it is clear that testing for GxE interactions 
brings along many difficulties. Difficulties that in turn complicate independent replication 
of above-stated findings, which is necessary to reduce the possibility of reporting false 
positives (Lander & Kruglyak, 1995).
CHALLENGES IN GXE STUDIES
First, specific genes and polymorphisms are often selected based on previous linkage 
studies in which the gene is directly related the disorder. However, these studies frequently 
fail to find consistent associations between genes and phenotype (see e.g., Buckland, 
2008; Van der Zwaluw et al., 2007), making the choice for such a gene or polymorphism 
seem rather random. Genome-wide association studies may provide additional information 
and background on chromosomal areas related to alcohol dependence (e.g., Guerrini et 
al., 2005; Prescott et al., 2006). Also, providing a plausible biological mechanism by which 
the (functional) polymorphism may affect behaviour and/or environment makes the choice 
for a particular gene more solid (Zammit, 2008; see for an example Caspi et al., 2002). 
However, even if the selection of a particular gene seems justified by building on previous 
research, biological mechanisms, and genome wide initiatives, there is another difficulty 
that specifically applies to GxE studies: the fact that we expect a GxE effect implies that 
a gene is -in some cases- exclusively related to alcohol use or dependence when certain 
environmental factors are present. As such, those genes that did not appear directly linked 
to alcohol use or dependence in linkage or genome-wide association studies might be 
erroneously ignored (Moffitt et al., 2006). An additional problem that also plays a role in 
'plain' genotype-phenotype association studies, is the selection of one marker on one 
gene, implying that the marker itself is involved in predisposition to the disease, or that it 
is in linkage disequilibrium with marker(s) involved in the disease. Testing several markers 
on one gene or creating haplotypes are ways to (partly) get around this selection problem,
1
1
but these methods may in turn create difficulties of their own, such as for example multiple 
testing (e.g., Storey & Tibshirani, 2003; Nothnagel & Rohde, 2005).
Second, according to Moffitt, Caspi, and Rutter (2006) it is essential to precisely and 
reliably assess environmental risk factors by using (a) proximal measures of environmental 
pathogens preferably not retrospectively, (b) multi-informant data, (c) developmental- 
specific assessments, and (d) by noticing cumulative effects of environmental influences. 
It is further important to realize that variations in the exposure to environmental risk factors 
are in many cases genetically influenced (e.g., Moffitt, 2005). In the context of family 
influences, passive gene-environment correlations (Plomin et al., 1977) refer to the fact 
that parental genes (that are passed on to a child) also affect the child's environment. For 
example, it is quite likely that an adverse environmental factor for the child, such as bad 
parenting, is influenced by genetic variations in the parents via for example personality 
traits (Belsky & Barends, 2002) or psychopathology (Plomin & Caspi, 1999; Rutter, 2006). 
In addition, evocative (or active) gene-environment correlations refer to the case that the 
links between parental behaviours and child (or adult) outcome behaviours are caused 
(evoked) by the child's genotype (see e.g., O'Connor et al., 1998). As such, shaping 
environment and selection of possible environmental risk factors is influenced by parental 
characteristics, as well as by the child's characteristics. Imperative in GxE studies, as 
Riley (2008) states it, is to exclude gene-environment correlations as the main source 
of the GxE effect (as was done in e.g., Van der Zwaluw et al., 2010). Another difficulty 
includes the different (quality of) measurements of environmental factors between studies. 
Using questionnaires that have proved to be highly reliable and valid may partly tackle this 
problem. In addition, some scholars (e.g., Eaves, 2006) have argued that interactions may 
be artificial because of their scale dependence; transforming gene or behaviour variables 
can eliminate or create an interaction (Flint & Munafo, 2008). Moffit et al. (2006), for 
example, tested for scaling artefacts in the MAOA-maltreatment study (Caspi et al., 2002) 
in several ways and showed that it was unlikely that the interactions were due to artefacts 
of scaling. Naturally, researchers are encouraged to carry out similar tests in their future 
studies.
Third, theoretically, examining the combined effect of genes and environment increases 
statistical power, if a subgroup of individuals with a particular (known) adverse environment 
and genotype can be investigated (see e.g., Clayton & McKeigue, 2001). However, 
environmental and genetic involvements are often unknown, requiring more testing, and 
thus causing a decrease in power. In addition, samples of the GxE studies on alcohol 
outcomes in humans were often quite small, which also reduces power. The appropriate 
sample size in GxE studies depends on several factors, such as study design (case- 
control, case-sibling, case-parent), disease prevalence, exposure to the environmental 
factor, prevalence of the genetic risk allele, inheritance (dominant or recessive), and 
requested power. Gauderman (2002) gives several examples, tables, and a website to 
allow researchers to determine their required sample size following their specific design 
parameters. Ideally, to reduce the odds of finding false positives, scholars should compute 
the appropriate sample sizes for their intended study before starting it. However, one of 
the complicating factors includes the presumed knowledge of certain parameters, such 
as GxE effect size, which is often exactly the parameter that researchers are planning on
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studying. Nevertheless, it is clear that large samples are needed to tackle power problems 
and to carry out reliable (replication) studies (Rietschel, 2008). In addition, meta-analyses 
and systematic reviews can be applied to synthesize data (Uher, 2008a).
Except for two reports (Dick et al., 2007d; Gacek et al., 2008), all above-described 
GxE studies on alcohol use and dependence in humans reported significant interaction 
effects. This points to a publication bias in which journals generally have a tendency to 
publish significant, and therefore probably more interesting findings. The magnitude of 
this so-called file drawer effect can hardly be established (Persaud, 2007). As a result 
of the tendency of many journals to publish only significant findings, it is quite likely that 
researchers will search for the best (significant) results in their data. As Flint and Munafo 
(2008) point out, this 'data dredging', as they call it, risks flooding the literature with false 
positive findings that are hard to replicate and provide no additional insights. They also 
reject the fact that in some studies the failure to find an overall GxE effect is solved by 
creating subgroups in which the effect appears to operate. However, while pursuing 
significant findings without clear theoretical and biological assumptions is objectionable, 
it is also very likely that certain genetic factors only affect specific subgroups or subtypes 
of behaviour. The exclusion of important moderating factors may thus erroneously lead to 
the conclusion that there is no genotype-phenotype or GxE-phenotype association, when 
in fact there is an association but only when moderating variable are taken into account 
(Van der Zwaluw et al., 2009).
Fourth, study samples strongly differ across studies, due to variation in inclusion 
criteria, sample procedures, and sample characteristics. Some scholars over-sample 
children who are risk-prone, leading to variations in environmental risks (e.g., levels of 
abuse or domestic violence, divorce rates, or proportion of children in deprived families) 
between samples.3 In addition, patients included in many case-control studies (in both 
genetic association studies and GxE studies) are often recruited from addiction medical 
clinics, hospitals, or psychiatry wards. As the majority of alcohol-dependent individuals will 
not go into treatment centers or hospitals, this is likely to be a selective sample of alcohol- 
dependent individuals in the population. Therefore, it is possible that a sample selection 
bias occurs, making it difficult to generalize findings to the population level. Another 
sampling issue concerns the fact that allele frequencies differ between ethnic populations, 
which may cause population stratification (Cardon & Palmer, 2003). This applies only to 
case-control designs, as family-controlled studies have an inherent control for population 
stratification (Spielman & Ewans, 1996), and are as such one of the solutions to handle 
population stratification. Another one is to include ethnicity as a confounder in the analyses.
Fifth, there is a need to adopt a developmental perspective. Not one of the above­
described studies had a longitudinal design. As such it is impossible to test whether 
GxE effects are a causative factor for alcohol consumption or alcohol dependence, or 
to examine specific transitions in use or in transient stages of subclinical symptoms. 
Developmental psychologists have stressed the significance of testing age-specific 
theoretical models (Rutter, 2005) as explanatory factors may differ in magnitude across 
the life span (Eaves et al., 1986). For example, the impact of family stress in childhood 
is likely to differ for the predictions of alcohol consumption in 16-year-olds compared to 
66-year-olds. How expressions of genes in relation to alcohol use differ across the life
It
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course, and whether specific GxE effects vary in influence at various stages, are essential 
issues to examine. Further, most molecular genetic studies on alcohol outcomes focus on 
adult populations, and disregard early precursors of alcohol use and dependence. In his 
review, Rose (1998) argued for behavioural childhood measures, such as impulsivity, self­
control, conduct problems, and aggression in genetic studies on alcohol use, since they 
are early predictors of heavy alcohol use, alcohol-related problems, and dependence later 
in life (see also empirical studies Engels et al., 2005; Fergusson et al., 1995; Goodwin et 
al., 1994). These behavioural problems are assumed to be strong mediators of genetic 
effects on alcohol dependence (Heath et al., 1997; Slutske et al., 1998). This underlines 
the call for longitudinal designs to test GxE effects across stages of use and age groups. In 
particular, prospective multi-informant family studies are needed in which several children 
within a nuclear family and their parents are followed from childhood to adulthood. As 
alcohol dependence symptoms and problem drinking emerge in early adulthood, studies 
have to cover a span of at least 15 years (cf. Heath & Nelson, 2002).
Finally, classification of alcohol dependence is regularly based on DSM-IV categorization, 
but may be very variable in its clinical presentation. Moreover, for alcohol outcomes 
such as 'heavy drinking' there are no internationally applied standards, which increases 
heterogeneity between studies, and in turn diminishes replicability and generalizability 
A way to avoid this, is to focus on biological, neurological, and cognitive levels that are 
likely to mediate genetic effects on phenotypes. The concept of endophenotypes was 
first applied to psychiatric disorders by Gottesman and Shields (1971), and a recent 
review provided an excellent overview of the rationale to use endophenotypes in gene 
identification efforts in psychiatry (Dick et al., 2006). With respect to alcohol use and 
dependence a broad range of endophenotypes has been examined, such as alcohol 
metabolism (Martin et al., 1985), hormonal changes after consumption (Schuckit & Smith,
1998), psychomotor responses (Schuckit, 1994), craving (Heinz et al., 2004; Hutchison 
et al., 2002a), sensitivity to the effects of alcohol (Ray & Hutchison, 2004; Schuckit et al.,
1999), EEG or ERP responses (Dick et al., 2006; Porjesz et al., 2005; Rangaswami et 
al., 2003), expectations of alcohol consumption (Fillmore & Vogel-Sprott, 1995; Wiers & 
Stacey, 2006), and learned responses to alcohol stimuli (McGeary et al., 2007; Robinson
& Berridge, 2003; Van den Wildenberg et al., 2007).
Concluding, it has become clear that studies examining GxE effects on alcohol 
outcomes are only beginning to emerge. Although the difficulties that accompany GxE 
studies are abundant (see above), both environmental and genetic factors, and their 
interplay need to be included in future studies to reliably unravel etiological factors of 
human behaviour. Essential in doing so are clear theoretical assumptions about the 
neurobiological mechanism between genotype and outcome, and between genotype 
and environmental features. Very large longitudinal studies that already start in childhood 
are required to capture various GxE effects across the life span. Obviously, replication is 
crucial (but almost inexistent up till now) to prevent an overload of false-positive, published 
GxE studies. The road to implication of GxE studies in (clinical) practice is still long, but, to 
quote Kaufman and Gelernter (2007),“we are not discouraged by the failure to consistently 
replicate gene-environment interactions, rather extremely excited by the potential of new 
investigative techniques to study risk and resiliency across species” (p. 545).
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1 It should be stressed that research groups that tried to replicate this finding, published 
mixed results (Foley et al., 2004a; Haberstick et al., 2005; Kim-Cohen et al., 2006; Nilsson 
et al., 2006; Young et al., 2006).
2 Keywords used were 'gene', 'interaction', and 'alcohol'. Reference sections of the 
identified articles were used to find additional relevant studies. A detailed table of GxE 
studies in humans can be obtained from the first author.
3 For designs that avoid social selection effects or allocation biases see Rutter (2007).
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ABSTRACT
Background: Drinking to cope (i.e., drinking to forget or alleviate negative feelings) has 
been found to be associated with adolescents' heavy drinking and alcohol-related problems. 
Additionally, it  is widely accepted that a genetic factor is involved in alcohol use and 
dependence. Studies are only beginning to reveal, however, which specific genotypes are 
related to drinking behaviors, and it is unknown whether they may interact with coping 
motives in predicting adolescents' risky drinking. The aim of the present study was to 
examine relationships between the dopamine D2 receptor gene (DRD2) TaqiA polymorphism 
(rsi800497), the serotonin transporter gene (SLC6A4) polymorphism (5-HTTLPR), coping 
motives, and adolescents' binge drinking and alcohol-related problems.
Methods: Participants in this cross-sectional study were 282 Dutch adolescents (mean age 
17.4, 4 7 %  men) who had consumed alcohol at least once in their life.
Results: Coping motives were positively related to both binge drinking and alcohol-related 
problems, while DRD2 and SLC6A4 genotypes were not. DRD2, but not SLC6A4 genotype 
interacted with coping motives. The link between coping motives and alcohol outcomes was 
stronger among those carrying the DRD2 risk (A1) allele.
Conclusions: The present study extends the present literature by providing additional 
insight into the etiological factors of adolescent drinking behavior. An interaction between a 
vulnerability gene (DRD2) and a cognitive factor (coping drinking) was found to be related to 
adolescents' binge drinking and alcohol-related problems.
INTRODUCTION
Risky alcohol use, such as binge drinking1 is highly prevalent among adolescents. 
Seventy-one percent of Dutch 17-year-olds and approximately half of the adolescents of 
the same age from other European countries report at least one binge drinking episode 
in the past month (Andersson et al., 2007; Monshouwer et al., 2008). An important risk 
factor for adolescent hazardous alcohol use is drinking to cope (e.g., Kuntsche et al., 
2005; Kuntsche et al., 2008). According to the motivational model of alcohol use (Cox & 
Klinger, 1988), coping drinkers consume alcohol to alleviate negative emotional states 
(e.g., to forget problems). While the other drinking motives in the Cox and Clinger model 
(i.e., enhancement, social, and conformity motives) have all been found to be related to 
drinking outcomes, coping motives are particularly associated with problematic alcohol 
use, such as heavy drinking and alcohol-related problems (Abbey et al., 1993; Cooper 
et al., 1995; Kassel et al., 2000; Kuntsche et al., 2005; Kuntsche et al., 2007; Windle & 
Windle, 1996). Among US college students and Swiss adolescents, for example, drinking 
to cope was highly predictive of problem drinking levels and binge drinking, respectively, 
even after accounting for usual drinking levels (Kassel et al., 2000; Kuntsche et al., 2007). 
In addition, Colder (2001) found coping drinkers to show higher levels of physiological 
arousal in response to a negative mood induction than students who drank for social or 
enhancement reasons. These findings suggest that coping drinkers have a tendency to 
be more responsive to stress and that they might experience and report higher levels of
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(alcohol-related) problems.
Approximately 40-60% of the risk of developing heavy drinking behaviors or alcohol 
dependence can be attributed to genetic factors (Goldman et al., 2005; Prescott and 
Kendler, 1999). That alcoholism is highly heritable was first shown by family aggregation 
studies (Bierut et al., 1998; Merikangas et al., 1998). In addition, adoption studies revealed 
that alcohol dependence in adoptees was related to alcohol dependence in biologic but not 
in adoptive parents (Cloninger et al., 1981). The majority of knowledge on the inheritance 
of alcohol use and dependence, however, comes from patterns of concordance of alcohol 
dependence among monozygotic (MZ) compared to dizygotic (DZ) twins (e.g., Hopfer 
et al., 2003; Pagan et al., 2006; Viken et al., 1999). Viken and colleagues (1999), for 
example, showed that 56% of the variance in frequency of drinking to intoxication among 
17-year-olds was explained by genetic influences.
It has been suggested that cognitive schemata, such as alcohol motives and 
expectancies, are part of the mechanism through which genetic factors may result in 
problematic alcohol use (Prescott et al., 2004). Inter-individual variation in drinking 
motives might result from different neurobiological responses (e.g., rewarding or sedating) 
to alcohol that are genetically based. Prescott et al. (2004) indeed found that drinking 
to cope with negative feelings can be partly accounted for by genetic factors in a twin 
design (Prescott et al., 2004). Also Agrawal and colleagues (2008) provided evidence for 
the heritability of coping motives with a twin study. Chalder and colleagues (2006) found 
that parental alcohol problems were related to internal motives to drink, and particularly to 
coping motives, in adolescent children. These results suggest that the “drinking to cope” 
cognitive schema is transferred from parent to child through genetic factors or by social 
modelling processes. The social learning theory (e.g., Maisto et al., 1999) suggests that 
adolescents encounter the drinking motives in their proximal social surrounding, observe 
the rewarding consequences obtained by their significant others, and then model the 
displayed motives (Kuntsche & Stewart, 2009). Newlin et al. (2000) showed that parents 
who drink to manage negative feelings model this coping behavior to their children.
Some studies suggest that problematic alcohol use results from an interaction of 
cognitive and genetic factors. A person's genetic makeup may determine, together with 
specific cognitive schemata such as drinking to cope, a person's drinking behavior. For 
example, Beseler et al. (2008) showed that coping drinking interacted with a family history 
of alcoholism in predicting alcohol dependence. Those who drank to cope with negative 
affect were at greater risk for alcohol dependence if they had a family history of alcoholism, 
hereby suggesting that genetic factors interact with coping motives in increasing the risk 
for alcohol dependence.
From genetic loci studies it is known that candidate genes that are implied in 
dopaminergic and serotonergic brain activity may constitute these genetic risk factors 
(e.g., Dick & Foroud, 2003). The dopamine D2 receptor (DRD2) gene has been one of the 
prime candidates in genetic association studies regarding drinking behavior. The DRD2 
TaqI A A1 allele has been associated with reduced dopamine D2 receptor availability and 
binding capacities in the brain (Pohjalainen et al., 1998; Thompson et al., 1997). As alcohol 
increases dopamine activity, it may be used to compensate for this deficient state of reward 
(Blum et al., 1996b; Noble et al., 1991). Furthermore, given that serotonin deficits in the
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brain result in alcohol-seeking behavior in humans and animals (LeMarquand et al., 1994a, 
1994b; Virkkunen & Linnoila, 1997), the serotonin transporter gene (SLC6A4) is another 
candidate that has received much attention in alcohol association studies. Specifically, 
the short risk allele of a polymorphism in the promoter region of SLC6A4 (5-HTTLPR) has 
been associated with lower concentrations of serotonin transporter and less serotonin re­
uptake compared to the long allele (Hariri & Holmes, 2006).
Numerous studies have linked DRD2 and SLC6A4 risk alleles to alcohol use and 
dependence, often with mixed results (e.g., Foley et al., 2004b; Gelernter et al., 1997; 
Halikainen et al., 1999; Yang et al., 2007b). Yet several meta-analyses have demonstrated 
a positive relationship with alcohol dependence for both the DRD2 and SLC6A4 risk alleles 
(Feinn et al., 2005; Munafo et al., 2007; Noble, 2003; Young et al., 2004). Regarding 
the association between coping motives and candidate genes, we are aware of only one 
report that has been published to date. Armeli and colleagues (2008) included 535 college 
students in their longitudinal study and found no direct associations between SLC6A4 
genotypes and coping drinking. Although the Armeli and colleagues study is innovative 
and the first to examine associations between a candidate gene and coping drinking, 
two important issues remain unresolved. First, drinking to cope was the dependent 
variable, while actual alcohol use was not included. It thus remains unclear to what degree 
adolescent drinking was affected by the SLC6A4 risk allele. Second, the regression 
analyses were not adjusted for the effects of other motive dimensions. Besides the coping 
motives, Cooper (1994) distinguished three other drinking motives, which were also based 
on the motivational model of alcohol use (Cox & Klinger, 1988): enhancement motives 
(e.g., to have fun); social motives (e.g., to be sociable); and conformity motives (e.g., to 
fit in with a group). Analyzing the different motive dimensions in a multivariate-adjusted 
way to arrive at the specific effect of a particular motive dimension on problem drinking 
is important because all four drinking motives are highly correlated with each other (cf. 
Kuntsche et al., 2005, for an overview; Kuntsche et al., 2006).
In the current study, we overcome these limitations by analyzing the relationships 
between DRD2 and SLC6A4 genotypes, coping drinking, and adolescent binge drinking 
and alcohol-related problems. To ensure that significant associations with binge drinking 
and alcohol-related problems are attributable to the coping motives, and not to other 
drinking motive dimensions, we will control for these variables. It is expected that the 
level of coping motives, the DRD2 A1 allele, and the SLC6A4 short allele are related 
to the frequency of binge drinking and alcohol-related problems among adolescents. 
Furthermore, we hypothesize that DRD2 and SLC6A4 genotypes will act as moderators, 
in that the relationship between coping drinking and alcohol outcomes is stronger if 
adolescents are heterozygous or homozygous for the DRD2 A1 allele or the SLC6A4 short 
allele.
METHOD
Sample
This study is a cross-sectional analysis of the 5-wave Family and Health study, which 
was carried out in the Netherlands (see for more details on the sample selection Harakeh 
et al. (2005), Van der Vorst et al. (2005) or Van der Zwaluw et al., 2010a). Drinking motives
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were exclusively administered at the fifth wave (T5), to prevent losing too many participants 
due to a high level of abstaining in previous waves when participants were in their early 
adolescent years. At T5, the 305 (71% of the original sample) participating adolescents 
were 17.36 years old (SD = .50) on average and 47% were boys. Drop-out adolescents (n 
= 123) had a lower level of education at T1 (x2(5) = 20.18, p = .001) than those participating 
at T5, but the groups did not differ in ethnicity, sex, age, problem drinking, or alcohol use 
at T1. Since drinking motives cannot be assessed among abstainers, we selected those 
adolescents that already had consumed alcohol at least once in their life at T5 (n = 282, 
92%). Following informed consent, DNA was collected via saliva sampling using Oragene 
collection kits. Of the 282 adolescents who ever drank alcohol at T5, 28 (10%) did not 
consent to genotyping. The non-consenting group did not differ on binge drinking (t (279) 
= -.52, p > .05) or alcohol-related problems (t (279) = -1.91, p > .05) from the adolescents 
who consented to genotyping. The Dutch Central Committee on Research Involving 
Human Subjects approved the Family and Health project.
Measures
Drinking motives. The 20-item Drinking Motive Questionnaire Revised (DMQ-R; Cooper, 
1994) was used to assess how often adolescents drink for certain reasons. The scale 
consists of four dimensions of drinking motives; coping motives (e.g., 'I drink to forget my 
worries'), enhancement motives (e.g., 'I drink to get high'), social motives (e.g., 'I drink 
because it makes a party more fun') and conformity motives (e.g., 'I drink because my 
friends pressure me to drink'). Adolescents could respond on a 5-point scale ranging 
from 1 '(virtually) never' to 5 '(nearly) always'. Internal consistencies were high; acoping =
76, Enhancement = 86, Social = 89, Conformity = 73 and comparable to previous studies (e.g.
Kuntsche et al., 2008).
Binge drinking. Following the Wechsler definition (Wechsler & Nelson, 2001), the 
question to assess adolescent binge drinking was “How many times in the last 4 weeks 
have you had five or more drinks on one occasion?” with the answer categories “never”, 
“1”, “2”, “3-4”, “5-6”, 7-8 and “9 or more times”. This question has been used frequently in 
previous studies (e.g., Andersson et al., 2007; Naimi et al., 2003; Verster et al., 2003).
Alcohol-related problems. The 18-item version of the Rutgers Alcohol Problem Index 
(RAPI; White & Labouvie, 2000) was used to assess the number and intensity of alcohol- 
related problems in adolescents. Adolescents were asked to specify how often they had 
ever experienced alcohol-related problems in their life. Answers were assessed on a 
5-point scale, ranging from 1 'never' to 5 'very often.' Examples are 'Because you drank 
alcohol you were unable to make your homework', and 'You continued to drink alcohol, 
while you had intended not to do so.' Cronbach's alpha was .90.
Genotyping
DRD2. The DRD2 TaqIA C>T polymorphism (rs1800497) was genotyped using Taqman 
analysis (assay ID: Taqman assay:C_7486676_10; reporter 1: VIC-A-allel, reverse assay; 
Applied Biosystems, Nieuwerkerk a/d Ijssel, The Netherlands). See for a more detailed 
description, Van der Zwaluw and colleagues (2010a).
SLC6A4. Genotyping of the 5-HTTLPR polymorphism in the SLC6A4 (5-HTT, 
SERT) gene was performed by simple sequence length analysis. Polymerase
1
2
chain reaction (PCR) was carried out on 50 ng genomic DNA using 10 pmol of 
forward primer (5'-GGCGTTGCCGCTCTGAATGC-3') and 10 pmol reverse primer 
(5'-GAGGGACTGAGCTGGACAACCAC-3'), 0.25 mM dNTPs, 0.5 U Taq DNA polymerase 
(Invitrogen, Breda, The Netherlands) in a PCR buffer containing 0.3 M Tris-HCl (pH 
8.5), 75 mM ammoniumsulfate and 7.5 mM MgCl2 . The cycling conditions for the PCR 
started with 5 min at 92°C, followed by 35 cycles of 1 min at 92°C, 1 min at the optimized 
annealing temperature (57.5°C), and 1 min 72°C, then followed by an extra 5 min 72°C. 
PCR products were analyzed on a 2% agarose gel. The amplification yielded distinct 
bands at 484 bp (short “s” allele) and 528 bp (long “ l” allele).
To investigate the random genotyping error rate, 5 duplicate DNA samples per 96- 
well plate were included for both the DRD2 and SLC6A4 analyses, which were all 100% 
consistent. In addition, 4 blancs were included in each plate, which were required to be 
negative. No deviations from HWE were detected (p5-HTTLPR = .96, pDRD2 = .96) (Raymond 
& Rousset, 1995). To maximize the power of the analyses, DRD2 genotype was dummy- 
coded into 1 (A2A2) and 2 (A1A2 and A1A1) (cf. Bau et al., 2000; Van der Zwaluw et al., 
2010a), and SLC6A4 genotype was dummy-coded into 1 (long/long) and 2 (short/long and 
short/short) (cf. Greenberg et al., 2000; Schinka et al., 2004; Skowronek et al., 2006).
Statistical Analyses
To examine the relationships between coping drinking, DRD2 genotype and SLC6A4 
genotype on the one hand and alcohol-related problems on the other we tested a 
hierarchical regression model in Mplus (Muthen & Muthen,1998-2006). As the ordinal 
scaling of the binge drink variable precludes the use of ordinary least squares regression 
analysis, the associations between the independent variables and binge drinking were 
tested with a probit regression model. First, the control variables sex of the adolescent, 
enhancement motives, social motives and conformity motives were entered into the 
models. In the subsequent step, the main effects of coping motives, DRD2 and SLC6A4 
genotypes were tested (see also Figure 1). As main effects should not be interpreted 
when interaction terms are included in the model, we added the interaction terms (DRD2 
x coping motives and SLC6A4 x coping motives) in a subsequent, third step.
All variables were centered towards the mean to avoid multicollinearity (Jaccard et 
al., 1990a). Regression weights in the hierarchical linear regression model for alcohol- 
related problems were estimated with the full information maximum likelihood estimator 
(FIML; Enders, 2001) to account for missing values. Regression weights in the probit 
regression model for binge drinking were estimated with the weighted least square method 
with adjusted mean- and variance chi-square (WLSMV) estimator; an estimation method 
specifically developed for ordered categorical dependent variables (Muthen & Muthen, 
1998-2006).The regression model with observed variables that was tested here represents 
a saturated model. It can be considered a path model in which all paths are specified and 
that has 0 degrees of freedom. Consequently, overall model fit statistics for the existing 
model are CFI = 1, RMSEA = 0 and x2 = 0, with df = 0, which is the case for all saturated 
models.
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Figure 1. Regression Analyses
RESULTS
Descriptives and correlations
With regard to frequencies of the DRD2 genotype, 168 adolescents (67%) carried the 
A2/A2 genotype, 77 (30%) carried the heterozygous A1/A2 genotype and 7 (3%) were 
carriers of two risk alleles (A1/A1). Two adolescents could not be genotyped and were 
coded missing. Regarding the SLC6A4 genotype, 85 adolescents (34%) carried two long 
alleles, 114 (46%) carried one long and one short allele, and 50 (20%) carried two short 
alleles. Five adolescents could not be genotyped and were coded missing. Both DRD2 
and SLC6A4 genotype frequencies were largely consistent with those in other non-clinical, 
Caucasian samples (e.g., Audrain-McGovern et al., 2006; Covault et al., 2007; Nilsson 
et al., 2005; Olsson et al., 2005). Chi square tests showed no differences in genotype 
frequencies between boys and girls (DRD2: x2(2) = .06, p = .98; SLC6A4: x2(2) = .76, p = 
.68). Average frequency of binge drinking was 2.95 occasions (SD = 1.71) in the past four 
weeks, and mean level of alcohol-related problems was 1.28 (SD = .39).
Correlations between alcohol-related problems and all drinking motives are depicted 
in Table 1. As DRD2, SLC6A4 status and binge drinking do not represent continuous data, 
Pearson's correlation coefficient cannot be applied. Therefore, three one-way ANOVAs 
were carried out to compare means of all drinking motives and problem drinking versus 
DRD2 and SLC6A4 allele status, and binge drinking. Pearson correlations showed that 
alcohol-related problems were significantly and positively related to all four drinking motive 
dimensions and that all drinking motives were positively correlated with each other. The 
first ANOVA showed that for the DRD2 genotype, only mean scores of social motives were 
significantly different between the two groups (F(1, 258) = 6.04, p < .01), with DRD2 A1 
allele carriers reporting lower levels of drinking for social reasons than those homozygous
1 
2
for the DRD2 A2 allele. With regard to SLC6A4 genotype, means did not differ between 
the two groups on drinking motives, binge drinking and problem drinking (see for means 
Table 2). The third ANOVA showed a significant difference in coping motives (F(6, 282) = 
2.60, p < .05), enhancement motives (F(6, 282) = 8.17, p < .001), social motives (F(6, 282) 
= 5.84, p < .001) and problem drinking (F(6, 281) = 8.62, p < .001) for the different binge 
drinking groups (see Appendix). Those who showed higher binge drinking levels reported 
higher levels of problem drinking, and drank more often for coping, enhancement, and 
social reasons than adolescents who had less binge drinking episodes.
Regression analyses
Binge drinking. Men and adolescents with higher levels of enhancement motives 
showed significantly more binge drinking episodes than women and adolescents who 
reported lower levels of enhancement motives (see Table 3). The other motive dimensions 
and SLC6A4 and DRD2 genotypes were not related to binge drinking. The interaction 
between coping motives and DRD2 genotype was significantly associated with binge 
drinking. Adolescent coping drinkers reported more binge drinking if they carried at least 
one DRD2 A1 allele. The interaction between SLC6A4 genotype and coping motives was 
not significant.
Table 1. Pearson Correlations
1 2 3 4 5
1. Alcohol-related problems
2. Coping motives .49*
3. Enhancement motives .49* .6 6 *
4. Social motives .43* .6 6 * .80*
5. Conformity motives .39* .48* 3*.40*.4
Note: * p < .001.
Table 2. Means (Standard Deviations) for DRD2 and SLC6A4 Genotype Groups
DRD2 SLC6A4
nonrisk risk nonrisk risk
Alcohol-related problems 1.59 (0.62) 1.46 (0.50) 1.51 (0.56) 1.57 (0.61)
Coping motives 2.19 (0.92) 2.07 (0.96) 2.19 (0.97) 2.12 (0.92)
Enhancement motives 2.57 (0.93) 2.26 (0.97)a 2.49 (0.95) 2.45 (0.96)
Social motives 1.28 (0.44) 1.21 (0.39) 1.22 (0.37) 1.27 (0.46)
Conformity motives 1.30 (0.39) 1.29 (0.44) 1.31 (0.43) 1.29 (0.40)
Note. a Social motives means were significantly different between DRD2 genotypes (p < 0.05). ANO- 
VAs showed no other significant differences in means for both DRD2 and SLC6A4 genotypes. DRD2 
nonrisk: A2A2 genotype; DRD2 risk: A1A1 and A2A1 genotypes. SLC6A4 nonrisk: long / lo n g  geno­
type; SLC6A4 risk: long/short and short /  short genotypes.
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Alcohol-related problems. Men reported higher levels of alcohol-related problems than 
women. Also, higher levels of enhancement and conformity motives were related to higher 
levels of alcohol-related problems, while social motives were not (see Table 3). In Step 2, 
increased levels of coping motives were associated with more alcohol-related problems, 
while SLC6A4 and DRD2 genotypes were not. The interaction between DRD2 genotype 
and drinking to cope significantly predicted alcohol-related problems (see Figure 2), while 
the interaction between SLC6A4 and coping motives was not significant.2
1
2
Table 3. Standardized Regression Coefficients (beta's) of DRD2 and 
SLC6A4 Genotypes and Drinking Motives on Adolescent Binge Drinking 
(Probit Regression Analysis) and Alcohol-Related Problems (Linear Regression Analysis)
Probit Regression 
Binge Drinking
Linear Regression 
Alcohol-Related Problems
Step 1
Sex -.23** - .1 1 *
Enhancement Motives .30** .33***
Social Motives .09 .08
Conformity Motives .09 .17**
Step 2
Sex -.2 2 ** -.15**
Enhancement Motives .38** .2 2 **
Social Motives .0 1 .0 1
Conformity Motives -.08 .1 0 t
Coping Motives .03 .29***
DRD2 Genotype . 0 2 .05
SLC6A4 Genotype . 0 2 -.04
Step 3
Sex .23** -.16**
Enhancement Motives .34** .19*
Social Motives . 0 2 .0 1
Conformity Motives -.09 .09
Coping Motives .08 .34***
DRD2 Genotype .03 .06
SLC6A4 Genotype . 0 2 -.04
DRD2 x Coping .13* .13**
SLC6A4 x Coping -.05 -.04
R2 for full model .2 0 *** .33***
Note: DRD2: 1 = A2A2, 2 = A1A2 and A1A1. SLC6A4: 1 = long/long genotype, 2 = long/short and 
short/short genotypes. Sex: 1 = male, 2 = female. T p < .10, * p < .05, ** p < .01, *** p < .001.
Interaction between DRD2 genotype and coping motives on adolescents' alcohol-related problems
Figure 2.
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DISCUSSION
The aim of this study was to examine relationships between two vulnerability genes, 
coping motives, and adolescents' binge drinking and alcohol-related problems. Coping 
motives were positively associated with alcohol-related problems. This finding corroborates 
previous studies that also found higher levels of coping motives to be related to more 
alcohol-related problems and heavy drinking (e.g., Carey & Correia, 1997; Cooper, 1994; 
Kassel et al., 2000; Kuntsche et al., 2005, 2007).
In contrast, both DRD2 and SLC6A4 genotypes were not directly related to the alcohol 
outcomes. This result coincides the study by Guo et al. (2007), in which also no significant 
relationship between DRD2 or SLC6A4 genotypes and adolescent alcohol consumption 
was found. Overall, findings for linkage between the DRD2 or SLC6A4 genotype and 
alcohol consumption in adolescents have been mixed, with studies reporting significant 
associations (e.g., Conner et al., 2005; Nilsson et al., 2005), and studies that did not 
(e.g., Guo et al., 2007; Van der Zwaluw et al., 2010a). These inconsistent findings, as well 
as the fact that our results do not concur with those of meta-analyses showing linkage 
between the DRD2 and SLC6A4 genes and alcohol dependence in adults (Feinn et al., 
2005; Munafo et al., 2007), may be explained by the nature of the samples across the 
studies (ranging from young adolescents to elderly), the different phenotypes studied 
(various alcohol outcomes, ranging from alcohol dependence to regular alcohol use), and 
the statistical power of the different studies (extremely large samples versus relatively 
small ones). In addition, it is widely acknowledged that associations between vulnerability 
genes and specific behaviors or disorders are extremely difficult to replicate (Burmeister 
et al., 2008; Van der Zwaluw & Engels, 2009).
Our hypothesis on the interaction between coping drinking and DRD2 genotype was 
confirmed. Adolescents who scored high on coping motives reported higher levels of binge
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drinking and alcohol-related problems if they were DRD2 A1 allele carriers. The interaction 
implicates that a genetic vulnerability (i.e., carrying the DRD2 A1 allele) for binge drinking 
and alcohol-related problems in adolescence may only manifest if certain cognitive 
schema are also present. This finding complements the Beseler et al. (2008) study, in 
which it was found that coping drinkers showed an increased risk for developing alcohol 
dependence, if they had a family history of alcohol abuse. If replicated, our study extends 
the existing literature by showing that part of this genetic vulnerability that interacts with 
coping drinking is constituted by the DRD2 A1 allele.
Our results further showed that DRD2-A1-allele carriers drank less often for social 
reasons than those without the A1 risk allele. This finding adds to a study by Munafo et al. 
(2005) in which it was found that social drinkers who carried the DRD2 A1 allele reported less 
alcohol consumption than individuals homozygous for the DRD2 A2 allele. An explanation 
for this negative relationship, which is inconsistent with the positive association found 
in coping drinkers, might lay in a differential neurobiological background. Munafo et al.
(2005) propose that individuals carrying the DRD2 A1 allele are actually less sensitive to 
the dopaminergic effects of alcohol than those without the A1 allele. This implies that if less 
reward is derived from alcohol, one might drink less, assuming that there are no other risk 
factors that increase the vulnerability to alcohol consumption. However, those individuals 
that are genetically similar, but who seek relief from stress in alcohol consumption (i.e., 
coping drinkers) may need greater amounts of alcohol to achieve a relieved state. This, in 
turn, may contribute to the subsequent development of problem drinking or even alcohol 
dependence (Munafo et al., 2005).
According to Riley (2008) it is imperative in studies examining gene-environment 
interactions to exclude gene-environment correlations as the driving source behind the 
gene-environment interaction effect (see also Moffit, 2005). Although a person's drinking 
motives may not be considered an environmental factor, they are possibly genetically 
affected (Prescott et al., 2004) and therefore cause a spurious gene-‘environment’ 
correlation. We thus tested for this gene-'environment' correlation, by examining whether 
coping motives differed between the two DRD2 genotype groups. However, no significant 
difference in coping motives was found between the two DRD2 genotype groups, implying 
no correlation between DRD2 genotype and coping motives, which in turn excludes the 
gene-environment correlation as a possible explanation.
There was no significant interaction between the SLC6A4 low activity short allele and 
coping motives on adolescent binge drinking or alcohol-related problems. The discrepancy 
in findings between DRD2 and SLC6A4 genotypes may be explained by the differential 
biological mechanisms through which these genes function. As the dopaminergic system 
has often been associated with (deficiencies in) reward (e.g., Blum et al., 1996b), it seems 
that adolescents who are particularly sensitized to the rewarding effect of alcohol (i.e., who 
carry the DRD2 A1 allele) and who often drink to forget or alleviate negative feelings are 
more at risk for problem drinking behaviors. The serotonergic system, on the other hand, 
has often been associated with (problems in) emotion regulation and stress reactivity (e.g., 
Lesch, 2005). Hence, it might be that the SLC6A4 genotype interacts with other risk factors 
on adolescent drinking, such as negative life events (Covault et al., 2007) or maltreatment 
(Nilsson et al., 2005).
1
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Limitations
To our knowledge this study is the first to examine relationships between two 
vulnerability genes, coping drinking, and adolescent alcohol outcomes. Consequently, 
there are some limitations that need to be addressed. Firstly, to exclude the option that the 
interaction effect between DRD2 genotype and coping drinking on risky drinking was due to 
a statistical artifact, replication of the present findings on larger, population-based samples 
is essential (see e.g., Van der Zwaluw & Engels, 2009). Secondly, the relations presented 
in this study are cross-sectional, meaning that conclusions regarding the directions of 
cause and effect cannot be made. Thirdly, recent research has shown that the DRD2 
Taq1A single nucleotide polymorphism (SNP) may actually reside in an adjacent gene, 
named ankyrin repeat and kinase domain containing 1 (ANKK1; Neville et al., 2004). A 
study by Dick et al. (2007e) suggested that the relationship found between the DRD2 gene 
and alcohol dependence may be due to genetic variants in the ANKK1 gene. In addition, 
Ponce et al. (2008) found evidence for an epistatic effect between DRD2 and ANKK1, 
suggesting that the ANKK1 gene needs to be included in future research on the DRD2 
gene and drinking outcomes. Fourthly, adolescents may have under or over-reported their 
binge drinking or alcohol-related problems. However, Engels et al. (2007) has shown that 
self-reports assessing juvenile alcohol use are a reliable source of information. Fifthly, 
we used a non-standardized measure of alcohol consumption; the definition of “glasses” 
of alcohol was left to the respondents to interpret. This may have resulted in a reporter 
bias in the exact amount of alcohol consumed because of different (non-standard) glass 
sizes. Unfortunately, measuring a standardized amount of alcohol consumed is rather 
difficult to realize in a study design such as the one used here. Experimental designs 
or diary studies would be more accurate to measure and control the precise quantity of 
consumed alcohol. See Kerr and colleagues (2005) for an elaborated discussion on this 
topic. Sixthly, the adolescents were largely of Caucasian descent (see Van der Zwaluw et 
al., 2010a). Hence, caution should be taken in generalizing findings from the present study 
to persons from other ancestries. Seventhly, some have argued that drinking expectancies 
may be equivalent to drinking motives (see Baer, 2002; Ham & Hope, 2003, for reviews). 
However, both are conceptually different; the expectation of a desired effect does not 
necessarily imply that a person decides to drink to achieve this effect simply because 
the corresponding expectancy is endorsed (Cooper, 1994). Also empirically, there is 
strong evidence that expectancies and motives assess distinct yet related constructs, with 
motives often mediating the relationship between expectancies and drinking outcomes 
(Kuntsche et al., 2007).
Conclusions
This study extends the existing literature by providing additional insight into the 
etiological factors of adolescent drinking behaviors. It was found that a cognitive factor 
interacts with a vulnerability gene: Adolescents who consume alcohol to cope with 
problems or to alleviate negative feelings show higher levels of binge drinking and alcohol- 
related problems than non-coping drinkers, especially if they carry the DRD2 A1 allele. 
Future research should attempt to replicate this finding.
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FOOTNOTES
1 Consuming five or more drinks in a row, also referred to as 5+ drinking or heavy episodic 
alcohol use.
2 A dominant influence model of SLC6A4 genotype (ss and sl vs. ll) was presumed in the 
current regression analyses. Additional analyses were carried out to test the associations 
between SLC6A4 genotype in a recessive model (ss vs. sl and ll) and in an additive model 
(ss vs. sl vs. ll). SLC6A4 genotype, however, was not related to binge drinking or alcohol- 
related problems in neither of the additional analyses (-.09 < p < .04, .17 < p < .60). Also, 
the interaction term (SLC6A4 x coping motives) was not significantly associated with binge 
drinking or alcohol-related problems in the additional analyses (-.04 < p < .07, .32 < p < 
.85).
1
2
Appendix. Means (Standard Deviations) for Binge Drinking Groups
Binge drinking in the past 4 weeks
Never 1 time 2  times 3-4 times 5-6 times 7-8 times >9 times
Coping motives 1.37 (.55) 1.49 (.59) 1.64 (.54) 1.54 (.56) 1.67 (.69) 1.63 (.69) 1.89 (.62)
Enhancement
motives
1 . 6 8  (.82) 2.01 (.78) 2.27 (.93) 2.22 (.93) 2.58 (.80) 2.89 (.94) 2.83 (.8 8 )
Social motives 2.03 (.94) 2.39 (.85) 2.66 (.90) 2.68 (.90) 2.78 (.82) 3.11 (1.19) 2.94 (1.07)
Conformity
motives
1.20 (.40) 1.20 (.34) 1.31 (.44) 1.26 (.48) 1.22 (.33) 1.23 (.24) 1.49 (.64)
Alcohol-related
problems
1.10 (.24) 1.22 (.31) 1.28 (.29) 1.33 (.40) 1.55 (.55) 1.58 (.57) 1.63 (.60)
Note. ANOVA showed significant differences in alcohol-related problems, coping motives, enhancement motives, 
and social motives fo r the different binge drinking groups, with adolescents reporting more frequent binge drinking 
episodes showing increased levels o f alcohol-related problems, coping, enhancement, and social drinking motives.
E GENETICS, COPING MOTIVES, AND ADOLESCENT RISKY DRINKING
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CHAPTER 13
The interplay between the mu-opioid receptor gene 
(OPRM1) and reversal learning on early adolescent 
alcohol use
In preparation as:
Van der Zwaluw CS, Engels RCME, Cools R, Scholte RHJ, Buitelaar JK, Verkes RJ, Scholte RHJ 
(2011) Perseveration protects against genetic risk for alcohol use in early adolescents
ABSTRACT
Little is known about the cognitive mechanisms underlying associations between genotypes 
and alcohol use. The aim of the current study was therefore to gain more insight into these 
matters, by examining associations between polymorphisms in opioid and dopaminergic genes, 
impulsivity (reversal learning), and alcohol consumption in young adolescents. Longitudinal 
regression analyses were carried out on a selected sample of 120 adolescent ever-drinkers 
(aged 13.6 on average; 5 2 %  boys). OPRM1 genotype was prospectively associated with alcohol 
use, while DRD2 and DAT1 genotypes were not. Reversal learning perseverative errors were 
negatively related with frequency of drinking, whereas reversal learning probabilistic errors 
were not. A significant gene-cognitive functioning interaction was found: Higher levels of 
probabilistic errors intensified the effect of the OPRM1 risk G allele on adolescents' drinking, 
while higher levels of perseveration protected against the deleterious effect of the OPRM1 
G allele. The present study extends the literature by providing additional insight into the 
etiological factors of adolescent drinking behavior. An interaction between a vulnerability 
gene (OPRM1) and cognitive factors, reflecting impulsivity, were found to be related to 
adolescents' frequency of drinking over time.
INTRODUCTION
Population studies have shown that initiating regular alcohol consumption at an early 
age (i.e. at age 14 or younger) increases the risk for alcohol dependence and alcohol- 
related problems later in life (Buchman et al., 2009; Grant & Dawson, 1997; Grant et 
al., 2001). In general, Dutch adolescents start drinking alcohol when they are between
11 and 14 years old (Monshouwer et al., 2003), rendering them vulnerable for alcohol 
problems in adulthood. In the pertinent quest for factors that cause alcohol use in early 
adolescents, twin studies have shown that genetic factors are significant predictors for 
alcohol dependence (Goldman et al., 2005). However, with regard to the early stages of 
drinking (i.e. initiation, experimenting) findings are inconsistent, with some evidence for 
large genetic influences, and some studies dismissing the hypothesis that genes affect 
early alcohol use (see Poelen et al., 2008 for an overview). The discrepancies between 
the findings of these studies suggest that there may be other factors involved in the 
relationship between genetic risk and early alcohol use.
Impulsivity is a cross-disorder trait that has been consistently related to alcohol 
(mis)use (e.g., Clark et al., 2002; Tarter et al., 2003). Several cognitive components of 
impulsivity have been described, such as (1) a tendency to favor immediate smaller 
rewards over delayed larger rewards, (2) the inability to use available information to 
reflect on the consequences of actions, and (3) the inability to inhibit an already initiated 
response (Chamberlain & Sahakian, 2007; Torregrossa et al., 2008), although there is 
much debate on the conceptualization of impulsivity (De W it et al., 2009; Dick et al., 
2010; Evenden, 1999). Higher levels of alcohol (mis)use have been associated with the 
preference for smaller, immediate rewards over larger delayed rewards (i.e. a steeper 
delayed discounting slope; e.g., Field et al., 2007) and an inability to inhibit prepotent 
responses (e.g., Lawrence et al., 2009). In addition, deficits in reversal learning (i.e. the
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adaptation of behavior when a previously rewarding stimulus is not rewarded anymore) 
has been related to drinking behavior (Hildebrandt et al., 2004, 2006, 2008).
In their incentive salience theory, Berridge and Robinson (1998, 2003) differentiate 
between the hedonic pleasure (“ liking”) of alcohol and the more compulsive craving 
(“wanting”) processes. The neural substrates of the hedonic effects of alcohol (or food 
or drugs) seem to be predominantly located in opioid neurotransmission in subcortical 
structures (i.e. nucleus accumbens, ventral pallidum), while “wanting” is associated with 
dopaminergic projections in this system (Berridge, 2003; Herz, 1997; Berridge & Robinson, 
2003). The latter is thought to be the result of altered (sensitized) brain systems following 
alcohol use (Robinson & Berridge, 1998, 2003). Consequently, in order to experience 
dopamine-related craving for alcohol, one should have consumed fair amounts of alcohol 
for a substantial number of times, which may make major dopaminergic involvement in the 
early stages of drinking unlikely. Alternatively, the “ liking” of alcohol has been suggested 
to become less important during the transitions from sporadic alcohol use to problematic 
alcohol consumption, suggesting that opioid-related hedonic effects of alcohol may be 
more prominent in early stages of alcohol consumption (Berridge, 2003). Pieters and 
colleagues (2011a) corroborated the notion of different neural and genetic substrates being 
involved in different stages of alcohol use. They found a polymorphism (A118G) in the 
mu-opioid receptor gene (OPRM1) to be related to alcohol use in young adolescents, but 
not in heavy drinking adults. Conversely, a genetic variation in the dopamine D4 receptor 
(DRD4) gene was only related to alcohol use in a subsample of adult heavy drinkers and 
not in young adolescents.
Both opioid and dopaminergic systems are implicated in impulsive behaviors. 
Naltrexone, an opioid receptor antagonist primarily used for the treatment of alcohol 
dependence (Anton et al., 2008), has been reported to also reduce impulse control 
disorders (e.g., Kim et al., 2001; Mitchell et al., 2007). Boettiger et al. (2009), for example, 
found that naltrexone modulated an individual's bias towards immediate rewards, by 
affecting the orbitofrontal cortex (OFC). The OFC is characterized by high expression 
levels of mu-opioid receptors (Gorelick et al., 2005) and is involved in decision making 
and reversal learning processes (e.g., Reynolds et al., 2006; Torregrossa et al., 2008). 
Also dopaminergic neurotransmission has been associated with a variety of impulsive 
behaviors (McClure et al., 2004; Pine et al., 2010). Variations in dopamine receptor 
availability and dopamine levels, for example, have been shown to influence reversal 
learning performance (Clatworthy et al., 2009; Cools et al., 2009; Dodds et al., 2008).
In the current study we aimed to examine interactions between genotypes likely to be 
involved in the hedonic and reward attributes of alcohol consumption, and impulsivity on 
adolescent alcohol use. We longitudinally examined associations between polymorphisms 
in opioid and dopaminergic genes (OPRM1, SLC6A3/DAT1, DRD2), impulsivity measures 
(delayed discounting, reversal learning, prepotent response inhibition) and alcohol 
consumption in young adolescents. Because, to our knowledge, this is the first study 
to examine these associations in a longitudinal design, an additional purpose was to 
generate new hypotheses on the role of genetics and cognitive functioning in adolescents’ 
drinking behavior. As early adolescents’ alcohol use is mainly driven by the hedonic 
rewarding properties of alcohol, it was hypothesized that the OPRM1, and not the DAT1
1
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and DRD2 genotypes, would be related to this early drinking behavior. Additionally, we 
expected impulsivity to be positively associated with alcohol use. Finally, we expected that 
impulsivity would moderate the associations between OPRM1 genotype and adolescents’ 
alcohol use.
METHODS
Sample and procedure
Initially, 531 8th-graders from three different high schools in two medium-sized cities 
in The Netherlands filled in a short questionnaire on alcohol use. By filling in their e-mail 
address and telephone number adolescents could indicate that they wanted to participate 
in the rest of the study. Of the 343 children who agreed to participate, we selected those 
adolescents (n = 231) who reported to have used alcohol at least once in their lives (this 
could also have been a sip of alcohol). The selected adolescents and their parents were 
contacted to give active consent for the rest of the study (see Figure 1 for a flow chart). 
This resulted in a sample of 120 Dutch adolescents (52% boys), who were on average 
13.6 years old (SD = .54, range 13-15) at Time 1 (T1). These 120 participants were 
tested individually in a session of approximately 1.5 hour in a classroom at their high 
school, mostly during the afternoon hours after classes and always in the presence of 
a trained researcher. First, participants completed three computer tasks on a laptop in a 
counterbalanced order, followed by a paper-and-pencil questionnaire. The computer tasks 
consisted of a temporal discount task with small, actual rewards (Scheres et al., 2006, 
2008), a stop-signal reaction time task (Logan, 1994; Scheres et al. 2004), and a reversal 
learning task (Cools et al., 2001; see also below). As alcohol use was not related to the 
delay discount task or the stop task in any of the
analyses, these measures were excluded from Figure i. Fbw clw t
further testing.
While filling in the questionnaire, participants’ 
DNA was collected by means of saliva samples 
using Oragene containers (Oragene, DNA Genotek 
Inc., Ontario, Canada). Adolescents received 10 
to 14 Euros for their participation, depending on 
their results on the delay discount task. Seven 
months (Mmonths = 7.00, SD = .82) after the latter 
test session, adolescents were phoned to answer 
a couple of follow-up questions on their alcohol 
consumption (T2). Ninety-five adolescents (79%) 
could be traced and were willing to answer the 
alcohol questions. Drop-outs (n = 25) did not differ 
from participants at T1 on alcohol use, OPRM1 
and DRD2 genotypes, or reversal learning task 
scores (p > .05). Participants did carry significantly 
more often the DAT1 risk genotype (9/10 or 9/9) 
than drop-out adolescents (x2 = 3.73, p = .05).
I
f  120 adolescents a n d ^ \  
their parents gave active 
informed consent. The 
adolescents carried out 
computer tasks and filled 
\J n  a questionnaire (T1)^/
S '7 months after T 1, 9 5 ^ \  
adolescents could be 
traced and were phoned 
for the follow-up 
questions (T2)____ /
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Measures
Genotyping. Genotyping was carried out by Baseclear, Leiden, The Netherlands.
The OPRM1 region was amplified by PCR using the following primers: a forward 
primer (5’-TGGGAGGGGGCTATACGCAGAGGA-3’) and a reverse primer (5’- 
GAAGAGCCCCACCACGCACACGAT-3’). Typical PCR reactions contained between 10 
and 100 ng genomic DNA template, and 10 pmol of forward and reverse primers. PCR 
was carried out in the presence of 3.33% DMSO with 0.5 ul of Biotherm AB polymerase 
(in a total volume of 30 l) using the following cycling conditions: a denaturation step 
of 5 min at 95oC, followed by 40 cycles of 30 sec 95oC, 30 sec 64oC, 60 sec 72oC 
and 5 min 72oC. PCR fragments were sequenced using the forward primer (5’- 
TGGGAGGGGGCTATACGCAGAGGA -3') and dye terminator chemistry (BigDye v3.1, 
Applied Biosystems). Sequence reactions were run on an ABI-3730 automated sequencer 
and sequence data was analysed using SeqScape software.
For genotyping the DAT1/SLC6A3 VNTR polymorphism, PCR reactions contained 
between 10 and 100ng genomic template DNA, 10 pmol of forward and reverse primers, 
100 uM dNTP, 3,3% DMSO, 10x buffer supplied with the enzyme, 3,25 mM Mg2+ and 
0,25 amplitaq gold (5U/|jl) in a total volume of 30 ul. For amplification of the VNTR 
fragment, primers 5’-TGTGGTGTAGGGAACGGCCTGAG-3’ (5’ labelled with FAM) and 
5'-CTTCCTGGAGGTCACGGCTCAAGG-3' were used. The fragment was amplified by 
an initial denaturation step of 5 min at 95oC, followed by 35 cycles of 30 sec 95oC, 30 
sec 68oC, 90 sec 72oC, and a final extension step of 5 min 72oC. The number of repeats 
for each sample was determined by size fractionating the VNTR PCR products on a ABI- 
3100 automated sequencer and fragment data was analysed using GeneMarker software. 
Based on the length of the amplified fragments, the difference between 9 and 10 repeats 
was readily visible with a resolution of +/- 5 basepairs.
For details on the genotyping procedure of the DRD2 Taq1A polymorphism (rs1800497) 
we refer to Van der Zwaluw et al. (2010a). Because of the relatively small sample size, 
genotypes were dichotomized representing dominant genotype models (OPRM1: 1 = AA,
2 = AG and GG; DRD2: 1 = CC, 2 = CT and TT; DAT1/SLC6A3: 1 = 10/10, 2 = 9/10 and 
9/9 (cf. Pieters et al., 2011a; Schmidt et al., 1998; Van der Zwaluw et al., 2010a). Two 
participants could not be genotyped.
Adolescent alcohol use. Frequency of drinking in the past month was measured with the 
following question: 'How often did you drink alcohol in the past month?' Twelve answer 
categories were included, ranging from (1) 'I did not consume any alcohol’ to (12) 'more 
than 16 times’.
Reversal learning task. On a laptop participants completed a probabilistic reversal learning 
task similar to the one used by Cools et al. (2001) (see also Evers et al., 2005, Swainson 
et al., 2000). In each trial, a yellow and blue abstract pattern (similar to a square) appeared 
simultaneously on the screen. Beforehand, participants were instructed that one coloured 
square would be correct more often than the other and that they had to find out which colour 
was usually correct by clicking on one of the stimuli. They were additionally told that the 
computer would sometimes try to trick them, by providing them incorrect feedback, but that 
they should attempt to stick with the stimulus that was usually correct. Further instructions 
were that the correct stimulus would change at some point (i.e. reversal stage), after
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which the other colour would be usually correct. Participants then had to click on the new 
correct stimulus. After each trial, the computer indicated whether the choice the participant 
made was correct or not. This feedback was provided for 500 ms and consisted of the 
word CORRECT (in green) and a high pitched tone for clicking on the correct stimulus, 
or WRONG (in red) and a low pitched tone for choosing the incorrect stimulus. The task 
comprised 80 trials, while for 20% false-negative feedback was provided. Reversal of 
the stimulus-reward contingency occurred after 40 trials. Measures of interest were the 
number of probabilistic errors (i.e. trials on which participants switched inadequately to the 
other stimulus following misleading negative feedback) and the number of perseverative 
errors (i.e. consecutive trials after a reversal of stimulus-reward contingency on which 
subjects stuck with the previously rewarded stimulus despite negative feedback). To 
prevent a dominating role of extreme values in the analysis, scores that fell more than 2.5 
SD over the mean were levelled off to the score closest to 2.5 SD from the mean (which 
were 7 probabilistic errors (levelled off for n = 3) and 9 perseveration errors (levelled off for 
n = 4)).
Statistical analyses
SPSS 18 was used to conduct descriptive analyses on all variables. Differences in 
genotypes between boys and girls were assessed with crosstabs chi square tests. Pearson 
correlations were carried out to examine relations between all continuous variables (i.e. 
reversal learning scores, alcohol use) and between continuous and dichotomous variables 
(i.e. genotype) (Field, 2005; cf. Van der Zwaluw et al., 2010a). Associations between two 
dichotomous variables were assessed with Spearman’s Rho. Subsequently, for each 
polymorphism, a longitudinal, hierarchical multiple regression analysis on adolescent 
alcohol use at T2 was carried out. The adolescent’s gender and alcohol use at T1 were 
included as control variables in Block 1. Genotype, probabilistic errors and perseverative 
errors on the reversal learning were included as predictors in Block 2, and the interactions 
between genotype and reversal learning scores were added to the model in Block 
3. All continuous variables were centered before computing interaction terms to avoid 
multicollinearity (Jaccard et al., 1990b). If the interaction is significant, the regression lines 
are presented in a figure to show the nature of the interaction. The regression lines are 
based on Y = B0 + B1X1 + B2X2 + B3X 1X2, in which B are the unstandardized regression 
coefficients and B0 the constant generated from the last step of the regression analysis.
RESULTS
Descriptives and correlations
With regard to OPRM1 genotypes, 84 adolescents carried the AA non-risk genotype, 
and 34 adolescents were carriers of the AG or GG genotypes. The frequencies for 
DAT1 genotypes consisted of 60 adolescents carrying the homozygous 10/10 genotype 
and 58 carriers of the 9/10 or 9/9 genotypes. Lastly, 71 adolescents had the DRD2 CC 
genotype, while 47 carried at least one T (A1) allele. Chi square tests showed that all 
allele frequencies were in Hardy Weinberg Equilibrium and that there were no differences 
in genotype frequencies between boys and girls. Both at T1 and T2 the majority of the 
adolescents indicated they had not consumed alcohol in the past month (n = 69 and n = 
56, respectively). Mean frequency of alcohol use in the past month was 1.87 at T1 (SD
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= 1.28; range 1-7) and 1.72 at T2 (SD = 1.10; range 1-6), indicating that on average, 
adolescents consumed alcohol almost once in the past month. On the reversal learning 
task, adolescents made on average 2.31 probabilistic errors (SD = 1.86), and perseverated 
on 3.31 trials on average (SD = 2.18). There was no significant correlation between 
probabilistic and perseveration errors. Alcohol use at T1 and T2 were positively correlated 
(r = .53, p < .001), and a trend towards significance was found for the relationship between 
OPRM1 genotype and alcohol use at T2. Other correlations were not significant (see Table 
1).
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Table 1. Pearson and Spearman Correlations between OPRM1, DAT1, and DRD2 
Genotype, Reversal Learning Scores, and Adolescent Alcohol Use (Frequency)
1 2 3 4 5 6 7
1. OPRM1
2. DAT1 -.10
3. DRD2 -.02 -.00
4. Probabilistic errors -.04 .03 . 1 0
5. Perseverative errors -.04 - .1 1 .15 - . 1 2
6 . A lcohol T1 - . 0 0 - . 0 2 .05 .13 .09
7. Alcohol T2 .18t .03 .06 .0 1 -.09 .53*
Note: Correlations in italics are Spearman correlations. OPRM1: 1 = AA  genotype, 2 = AG and 
GG genotypes. DAT1: 1 = 10/10 genotype, 2 = 9/10 and 9/9 genotypes. DRD2: 1 = CC geno­
type, 2 = CT and TT genotypes. 1 p < .10, * p < .001.
Regression analyses
The results of the hierarchical multiple regression analyses are depicted in Table 2. Of 
the control variables, only previous alcohol use at T1 was associated with frequency of 
drinking at T2 (p = .53, p < .001). OPRM1 genotype significantly predicted adolescents’ 
alcohol consumption at T2 (p = .19, p = .03), while DAT1 and DRD2 genotypes did not (p 
= .00, p = .97; p = .11, p = .21, respectively). Carriers of the OPRM1 G allele consumed 
alcohol more frequently than those homozygous for the AA genotype. Of the reversal 
learning task scores at T1, perseverative, but not probabilistic errors, were significantly 
related to alcohol use at T2 (see Table 2). More perseverative errors were associated 
with less frequent alcohol consumption. The interaction between OPRM1 genotype 
and probabilistic errors, and between OPRM1 genotype and perseverative errors were 
significant predictors of adolescent alcohol use over time (see Figure 2). Those adolescents 
who switched more often to the other stimulus after false negative feedback consumed 
alcohol more frequently if they carried the OPRM1 G allele, as opposed to those carrying 
the AA genotype. Additionally, lower levels of perseveration, indicative for an increased 
tendency to switch, were associated with more alcohol consumption in OPRM1 G allele 
carriers. Interactions between the dopaminergic genotypes and reversal learning task 
scores were not significant.1
Table 2. Standardized Regression 
Coefficients of Regression Analyses predicting Adolescents' Alcohol Use 7 Months Later
OPRM1 
(AA vs AG + GG)
DAT1
(10/10 vs 9/10 + 9/9)
DRD2 
(CC vs CT + TT)
Block 1 Block 2 Block 3 Block 1 Block 2 Block 3 Block 1 Block 2 Block 3
Step 1
Gender .09 .11 .17* .09 .09 .09 .09 .10 .09
Alcohol use T1 .53*** .57*** .61*** .53*** .57*** .58*** .53*** .57*** .56***
Step 2
Polymorphism .19* .27** .00 .00 .11 .09
R prob errors -.05 -.72** -.07 .07 -.07 .21
R pers errors -.19* .57* -.19* -.14 -.21* -.41
Step 3
Pol x R prob 
errors
.73** -.15 -.30
Pol x R pers 
errors
-.81** -.06 .22 .21
R2 .27a .35b .47c .27a .31a 2a.37a.2.31 4a.3
Note. R = Reversal learning task, Pol = Polymorphism, prob = probabilistic, pers = perseverative. * p < .05, ** p < .01, 
*** p < .001. R2 values that do not share the same superscript (for example a and b) indicate a significant R2 change.
Figure 2. Interactions between the OPRM1 
Genotype and Reversal Learning Task Scores on Adolescents' Alcohol Use
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DISCUSSION
The first aim of the current study was to obtain more insight into the relationships 
between several opioid and dopamine genotypes and the early stages of adolescent 
alcohol use. Corresponding with the incentive salience theory (Robinson & Berridge, 
2003), we hypothesized that opioid genotypes would be associated with early stages of 
alcohol use, in which the hedonic effect of alcohol (“ liking”) is more prominent. Because 
dopaminergic neurotransmission has been associated with “wanting” of alcohol, which 
tends to occur in later stages of alcohol use, we also hypothesized that dopamine 
genotypes would not be related to early alcohol use in adolescents. The results confirmed 
our hypotheses and showed a direct effect of OPRM1 genotype on adolescents' alcohol 
consumption: Adolescents with at least one copy of the OPRM1 G allele were more 
frequent alcohol consumers over time than those carrying the AA genotype. In contrast, 
DAT1 and DRD2 genotypes were not associated with adolescent alcohol use. Studies 
examining genotypes and their associations with alcohol use in adolescence are still 
scarce. Yet, Pieters et al. (2011a) also found a significant effect of the OPRM1 G allele 
on alcohol use in early adolescents. In addition, in a different sample, we failed to find a 
direct association between DRD2 genotype and early alcohol initiation in youths (Van der 
Zwaluw et al., 2010a), which supports the current results. Although our findings need to be 
replicated before solid conclusions can be drawn, this study provides preliminary evidence 
that different genotypes are involved in different stages of alcohol use. The present 
findings do not necessarily imply that DAT1 and DRD2 genotypes are not associated with 
other stages of adolescent alcohol use, or with alcohol (mis)use in general. Regardless 
of being an adolescent or an adult, it might be that a person's alcohol consumption needs 
to have reached sufficiently high levels during a certain period of time to sensitize the 
dopaminergic reward-related circuitry in the brain, for these associations to become 
apparent. In addition, the non-significant associations between DAT1/DRD2 genotypes 
and alcohol use may be explained by our relatively small sample size. Accordingly, future 
research in larger samples is required to examine associations between DAT1/DRD2 and 
alcohol use, as well as how long a person needs to be exposed to alcohol for sensitization 
to occur, and for dopaminergic (genetic) effects to become apparent.
The second aim of the study was to examine whether impulsivity was related to 
adolescents alcohol consumption. Only perseverative errors (i.e. an increased tendency 
to switch) on the reversal learning task were directly related to adolescents' drinking; those 
who perseverated less, drank more frequently over time. This corresponds with findings 
by Cyders et al. (2009) showing an association between a lack of perseveration and 
problem drinking in young adults. Conversely, however, others have found higher levels 
of perseverative errors to be related to alcohol and substance use dependence (Belin et 
al., 2008; Goudriaan et al., 2006; Hildebrandt et al., 2004). These seemingly contradictory 
findings may be explained by the notion that alcohol intake becomes more compulsive 
during the development of an alcohol addiction, while hedonic effects decrease (Everitt & 
Robbins, 2005). It might be that when adolescents start to experiment with alcohol, a lack 
of perseverance, reflecting higher levels of impulsivity (Dick et al., 2010), is a risk factor 
for drinking, while in alcohol-dependent persons high levels of perseverance represent 
the recurring compulsive urge to drink alcohol. It is plausible that not only genetic effects,
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but also cognitive processes differ for experimenting with alcohol versus alcohol abuse or 
dependence.
Reversal learning probabilistic errors were not related to drinking frequency, and 
neither were the temporal discount or the stop-signal reaction time tasks (data not shown). 
Other recent research also did not report a direct relationship between reversal learning 
scores and alcohol use (Gullo et al., 2010; Romer et al., 2009; Scaife and Duka, 2009. The 
differences with other study findings may be explained by the variety in samples between 
the studies. The tendency to favor a small, immediate reward over a larger, delayed reward 
(i.e. a steeper delay discounting slope) and the inability to inhibit prepotent responses (i.e. 
a slower stop signal reaction time) has predominantly been shown in heavy drinkers and 
alcohol dependent subjects, when compared to light drinkers and controls (e.g., Bjork et 
al., 2004; Field et al., 2007; Lawrence et al., 2009; Petry et al., 2001), although findings 
are not always consistent (Kirby & Petry, 2004).
The third aim of the current study involved the interactions between genetic factors 
and cognitive functioning (i.e. impulsivity and reversal learning). It was found that a lack 
of perseveration and higher levels of probabilistic errors on the reversal learning task 
increased the risk of alcohol use in adolescent carriers of the OPRM1 G allele. Frank and 
Claus (2006) suggested that orbitofrontal cortex areas responsible for decision making 
and adaptation of behavior exert interact with striatal systems associated with reward. The 
present findings support and add to this notion, by that showing that a genetic opioid risk 
factor interacts with reversal learning cognitive functioning.
We found no significant interactions for the dopaminergic genotypes, which does 
not concur with a study by Esposito-Smythers and colleagues (2009). They showed that 
adolescent DRD2 A1 allele carriers who reported conduct disorder or impulsivity, scored 
higher on problematic alcohol use. An explanation for the differences in results may be 
that the participants in the Esposito-Smythers et al. (2009) study were psychiatrically 
hospitalized adolescents, who showed high levels of ADHD (39% of the sample) and 
conduct disorder (32% of the sample), while the current study employed a community 
sample.
The results of the current study should be interpreted in the context of its limitations. 
First, we examined a single polymorphism in each gene. As these variants may have been 
in linkage disequilibrium (LD) with other adjacent variants, the direct effect of the OPRM1 
A118G SNP on alcohol use may have been caused by another risk locus. Zhang et al.
(2006) found that this particular SNP was in high LD with several other SNPs in OPRM1, 
which increases the chances that positive results found with the Asn40Asp (A118G) SNP 
may be attributed to other loci. Future studies examining several markers within one gene 
may shed more light on these issues.
Second, dopaminergic neurotransmission has often been associated with both 
alcohol use (e.g., Robinson & Berridge, 2003; Munafo et al., 2007) and reversal learning 
performance (e.g., Clatworthy et al., 2009; Cools et al., 2001; Dodds et al., 2008). 
However, such relationships were not found in the current study. It might be that other 
polymorphisms in DRD2, DAT1 or other dopaminergic genes are involved in reversal 
learning and adolescents' alcohol use. In addition, it might be that our relatively small 
sample size has resulted in reduced power to find these relationships.
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Concluding, this explorative study was the first to examine whether opioid and 
dopaminergic SNPs interact with impulsivity traits in predicting adolescent alcohol use 
over time. Results showed that higher levels of probabilistic errors on a reversal learning 
task intensified the effect of the OPRM1 risk G allele on adolescents' drinking. In addition, 
higher levels of perseveration protected against the deleterious effect of the OPRM1 G 
allele. The dopaminergic genotypes (DAT1, DRD2) did not interact with impulsivity and 
were also not directly associated with alcohol use. More research is necessary to replicate 
the present findings and to enhance the understanding of associations between opioid 
and dopaminergic genotypes, impulsivity, and adolescent alcohol (mis)use. Future studies 
should ideally employ a sufficiently large sample in a longitudinal design that starts in 
childhood or pre-adolescence and proceeds into adulthood. In this way, potentially varying 
genetic effects on different stages of alcohol use can be distinguished. Also, subjective 
measures of 'liking', such as taste preference or positive expectancies, and of 'wanting', 
such as craving, may be included to extend the assessment of these constructs beyond 
the measurement of actual alcohol consumption. To examine the role of impulsivity 
more thoroughly, multiple impulsivity dispositions should be included, measured with 
questionnaires and computerized tasks. The current study provides preliminary evidence 
that opioid neurotransmission may be more important than dopaminergic signaling during 
the early stages of alcohol use. Furthermore, opioid reward circuits and prefrontal control 
systems seem to interact in their effects on adolescents' drinking behavior.
FOOTNOTES
1 In more stringent analyses we included the temporal discount and the stop-signal 
reaction time task scores. As stated before, there were no direct relationships between 
both impulsivity measures and adolescents' alcohol consumption. In addition, results 
presented in Table 2 did not change considerably when temporal discount and stop task 
scores were added to the regression analyses.
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CHAPTER 14
General discussion
ABSTRACT
The current thesis aimed to gain new insights into genetic, social environmental, and 
individual factors that predict adolescent alcohol consumption. In this concluding chapter, 
the most prominent findings will be summarized and briefly discussed in light of existing 
theories as well as findings from prior research (see Table 1 for an overview of the main 
findings). A summary and brief discussion of the main findings will be presented separately 
for each part of this dissertation. I will not reiterate the discussion of the findings for each 
chapter (for that, please refer to the chapter of interest), but I will attempt to generate 
ideas for future research into genetic and environmental influences on alcohol use. The 
attention for genetic and gene-environmental research has increased considerably in the 
last decade, causing these fields to develop rapidly. Therefore, by providing a short overview 
of the research that has led to new insights regarding the etiological factors of alcohol (mis) 
use, the aim is to indicate possible directions of future(genetic) research on alcohol (mis)use.
Table 1. Summary of main findings
Main finding Chapter
• Parental alcohol use and problem drinking are positively related to adolescent 
alcohol use
2, 8
• Parental alcohol-specific rule-setting is inversely related to adolescent alcohol use 2, 8, 9
• Adolescent alcohol use is highly similar to that of their best friend and their 
romantic partner. With regard to the latter, selection plays a more important role 
than influence processes.
3, 10
• The OPRM1 A118G and DAT1 VNTR polymorphisms do not seem to be related 
to alcohol dependence. There is some evidence that the DAT1 9-repeat allele is 
related to alcohol withdrawal symptoms.
4, 5
• The OPRM1 G-allele SNP, but not the DAT1 and DRD2 genotypes, is associated 
with alcohol use in early adolescents, particularly if they make more commission 
errors and perseverate less on a reversal learning task
13
• Polymorphisms in SLC6A4, DRD2 and ANKK1 are related to the development of 
drinking and externalizing behavior
6,7
• The TaqlA (rs1900497) SNP is associated with alcohol use in adolescents who 
are subject to lower levels of parental rule-setting, and in those adolescents who 
drink to cope with their problems
8, 9, 12
• The DRD4 VNTR polymorphism does not moderate the positive, longitudinal and 
reciprocal relationships between friends and adolescents' drinking
10
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PART I - SOCIAL ENVIRONMENTAL INFLUENCES
It has been well documented that the social environment is an important factor in 
adolescents' alcohol use (Hawkins et al., 1992). Nevertheless, there are caveats in the 
literature that the studies presented in Chapters 2 and 3 attempted to overcome. For 
example, although intergenerational transmission of alcohol (mis)use has been consistently 
reported (e.g., Sher et al., 1991), it is unclear whether parenting practices mediate this 
relationship (see Chapter 2). In addition, romantic relationships in adolescence have been 
systematically ignored and it is unknown whether these types of relationships significantly 
influence adolescents' alcohol use (see Chapter 3). Below the findings are interpreted in 
a multi-disciplinary way and include genetic research as well as briefly touch on gene­
environment correlations.
Chapter 2, main findings
Parental problem drinking and alcohol-specific parenting (i.e., rule-setting and 
monitoring) influenced adolescents' alcohol use over time; however, only in younger 
adolescents (~14/15 years old). In general, parents' alcohol-related problems were not 
prospectively related to their parenting behaviors. Therefore, parenting did not mediate the 
relationship between parental problem drinking and adolescents' drinking.
Chapter 3, main findings
Adolescent drinking behaviors highly resembled that of his/her intimate partner. This 
similarity could not be attributed to prospective influence effects, rather adolescents, 
particularly girls, selected their future partners partly based on the alcohol use of the latter.
Parents
The study presented in Chapter 2 concurs with previous studies that have also 
shown that parental alcohol use affects drinking behaviors in their offspring (Chassin 
et al., 1997; see also Sher, 1991). Several mechanisms have been suggested through 
which this interfamilial alcohol (mis)use can be explained. According to social (cognitive) 
learning theory proposed by Bandura (1977), parents serve as role models and propagate 
norms and attitudes about alcohol use to their offspring. In addition, the human tendency 
to imitate others (parents, in this case) may explain the association between parental 
alcohol use and adolescent drinking (e.g., Bot et al., 2007; Engels et al., 2009; Quigley 
& Collins, 1999). As depicted in the cue-reactivity model, alcohol-related cues, such as 
seeing a parent drink, can elicit alcohol craving and actual alcohol use (Carter & Tiffany, 
1999; Larsen et al., 2010c). Additionally, genetic factors may explain part of the variance 
in familial transmission of alcohol abuse. It is also plausible that carrying 'risk genes' may 
increase an adolescent's sensitivity to drinking or parenting behaviors of his/her relatives, 
which could result in a gene-environment interaction (Belsky & Pluess, 2009; see also 
Chapters 8 and 9 of this thesis). Lastly, it has been suggested that the development of 
alcohol use is the result of parental socialization; the processes by which parents raise 
and interact with their children affect their offspring's behavior (e.g., Baumrind et al., 1966; 
Darling & Steinberg, 1993). However, findings presented here do not suggest a mediational 
role for parenting practices in the relationship between parental problem drinking and 
adolescent alcohol use. This is not in line with studies that have reported that children of
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alcoholics received significantly lower levels of support and monitoring than do children of 
non-alcoholic parents (e.g., King & Chassin, 2004). That we focused on parental problem 
drinking rather than clinical levels of alcohol abuse, may be one explanation for the 
discrepancies between studies. It seems that, even when reporting relatively high levels of 
problem drinking for this particular sample, parents remain able to maintain their parenting 
skills. Our findings did correspond with several other studies, which indicated prospective 
associations between alcohol-specific parenting (i.e., rule-setting and monitoring) and 
early adolescent alcohol consumption (Jackson et al., 1999; Koning et al., 2010; Van 
der Vorst et al. 2005, 2007; Yu, 2003). In addition, findings presented elsewhere in this 
thesis (Chapters 8 and 9) have shown that parental rule-setting with regard to alcohol 
consumption is related to adolescent onset of (heavy) drinking. This parenting-drinking 
relationship was not found for general parenting (i.e., support and monitoring). It might be 
that general parenting practices do not provide sufficient insight into how parents actually 
handle their offspring's alcohol use (Van der Vorst et al., 2005, 2007). Consequently, future 
studies examining relationships between parental drinking, parenting, and adolescent 
alcohol consumption should include alcohol-specific socialization practices.
Partners and friends
Given that adolescents, if they are involved in a romantic relationship, spend more time 
with their partners than with family or friends (Laurens & Williams, 1997), the influence of 
intimate partners on adolescent alcohol use has been surprisingly systematically ignored 
in the literature. Specifically, the finding that adolescents and their partners resemble 
each other in drinking behavior is consistent with findings from married adults (Reynolds 
et al., 2006). Also adolescents and their best friends show high similarities in drinking 
behavior (e.g., Jaccard, Blanton, & Dodge, 2000; Van der Zwaluw et al., 2011b) and it has 
been suggested that these high similarities in alcohol consumption can be explained by 
reciprocal influence processes. Again, partners and friends could be important social role 
models who, by propagating drinking norms, may affect adolescent alcohol use (Bandura, 
1977). In addition, alcohol use may serve as a strategy to impress the (future) partner or 
friend (Sharp & Getz, 1996). Indeed, the findings presented in Chapter 10 suggest that 
adolescents and their friends prospectively and reciprocally influence each other in their 
alcohol use (see Van der Zwaluw et al., 2011b). However, results from Chapter 3 did 
not support the social influence model concerning romantic partners, rather favored the 
explanation of mate similarity by a selection effect: Adolescents prospectively select those 
intimate partners who resemble themselves in drinking behavior (i.e., assortative mating). 
Selection on drinking behavior should probably be considered from a broader perspective, 
assuming that drinking behavior reflects outgoing and partying behavior, as alcohol is 
mostly consumed at parties or in bars and clubs (Engels et al., 1999b,c), and perhaps 
personality traits such as openness and extraversion. This finding is in line with research 
on adults, which also showed that selection effects increased spousal similarity in drinking 
behavior (Agrawal et al., 2006; Grant et al., 2007). With regard to friends, recent studies 
have found that selection processes are important in predicting similarity between alcohol 
use of friends and the adolescent (Kiuru et al., 2010; Knecht et al., 2011). Researchers 
have also suggested that selection processes play a large role in early initiation phases 
of alcohol consumption during (early) adolescence, a period when many new friends may
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be acquired, while reciprocal influence processes play a larger role during later stages of 
alcohol use in (young) adulthood, when friendships have stabilized and the individual is 
older (Knecht et al., 2011).
Gene-environment correlations
Studies have shown that friend and partner selection processes are partly genetically 
based and peer group deviance is moderately heritable (Grant et al., 2007; Kendler et al., 
2007; Manke et al., 1995). When genetic factors influence exposure to the environment 
(e.g., the choice of specific friends or partners with their behavioral characteristics and 
habits), gene-environment correlation processes are in operation (Jaffee & Price, 2007; 
Loehlin, 2010, see also Part III of this general discussion). In this case, friends' or partners’ 
behavior cannot be considered an independent environmental factor. Friend or partner 
selection processes that are partly genetically based suggest an active gene-environment 
correlation in which an individual's genetic make-up influences the selected environment. 
For example, Fowler et al. (2011) found genotypic clustering in social networks: DRD2 
genotypes were correlated between friends within a social network. Nevertheless, even 
though similarities in drinking behavior may be partly caused by genetically based selection 
effects, it is likely that reciprocal influence effects also play a (small) role (Kiuru et al., 
2010). Thus, it might be that certain genetic loci affect the selection of the environment 
(i.e., a gene-environment correlation), while other genetic variants increase someone's 
vulnerability to the environment (i.e., a gene-environment interaction), which results in 
socialization effects. To test for gene-environment interaction effects, the notion that a 
gene-environment correlation has taken place should be ruled out (Moffitt, 2005; Riley, 
2008). In addition, future studies should focus on identifying genetic loci implied in selection 
processes.
212.
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PART II - GENETIC EFFECTS
In the second part of this thesis, genetic main effects on alcohol use and dependence 
and, more broadly, on externalizing behavior, were addressed. First, the results of two 
separate reviews that linked polymorphisms in the OPRM1 gene (Chapter 4) and the DAT1 
gene (Chapter 5) to alcohol dependence are summarized and briefly discussed below. 
Both OPRM1 and DAT1 have shown to be potentially relevant candidate genes for alcohol 
phenotypes; however, systematic overviews of the literature were missing. In addition, 
the results of these studies often contradict each other and are heterogeneous with 
regard to phenotypes and sample characteristics and SNPs studied, which has resulted 
in a scattered research field. Therefore, the aims of Chapters 4 and 5 were to synthesize 
the findings of OPRM1 and DAT1 gene association studies on alcohol dependence by 
systematically reviewing these studies.
Second, the findings of two empirical, longitudinal studies conducted on U.S. (Chapter 
6) and Dutch (Chapter 7) samples are recapitulated. Although twin studies have suggested 
that genetic influences on behavior may differ during the life course (e.g., Dick et al., 
2007c), there is still a paucity of molecular genetic studies that have examined these 
effects in a longitudinal framework. In Chapter 6, we focused on externalizing behavior 
since this is a strong correlate and predictor of later alcohol-related problems (e.g., Iacono 
et al., 2008; Perdini et al., 2007) and because there was little variance in the sample we 
examined regarding drinking levels. Additionally, by examining impulsivity as a common 
liability factor, we focused on the possible mechanism behind gene-phenotype relations 
(Chapter 6), which is another caveat in the studies on drinking and externalizing behavior.
Third, if the aim is to elucidate etiological factors for drinking behavior, it is of vital 
significance to further identify genes associated with alcohol (ab)use. Therefore, 
we concentrated on GWAS, (neuro)biological processes related to alcohol use, and 
endophenotypes in the final section of Part II, as they may provide a valuable source of 
information in gene identification endeavors.
Chapters 4 and 5, main findings
A review of 12 clinical case-control studies did not provide unequivocal evidence for a 
direct association between polymorphisms in the mu-opioid receptor gene (OPRM1) and 
alcohol dependence. Further, from a systematic review of 18 studies, it was concluded 
that polymorphisms in the dopamine transporter gene (DAT1/SLC6A3) were generally not 
directly related to alcohol dependence. There was, however, some evidence that alcohol- 
dependent persons with the 9-repeat allele of a VNTR in DAT1 experienced higher levels 
of alcohol-withdrawal symptoms such as seizures and delirium tremens.
Explanations for (mainly non-significant) results
There are numerous explanations for the different findings of studies that have 
examined associations between the OPRM1 or DAT1 genes and alcohol dependence. 
Firstly, the clinical alcohol dependence diagnosis consists of a heterogeneous cluster 
of symptoms that often differ between individuals. Therefore, a certain gene might be 
associated with a particular subset of alcohol dependence, certain withdrawal symptoms 
(which seems to be the case for DAT1), or a particular stage of alcohol use. Moreover, 
samples often consist of selected, treatment-seeking individuals that are generally poorly
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screened for co-morbid disorders. Distortion of the findings caused by (one of) these 
problems is likely to complicate attempts to replicate the results. Considering moderators 
or focusing on phenotypes that are more proximal to the genotype (i.e., endophenotypes) 
may result in more distinct and replicable findings.
Another explanation concerns the notion that multiple genetic loci are involved in the 
path from initial alcohol use to alcohol dependence (Chakravarti & Little, 2003; Van der 
Zwaluw & Engels, 2009). In addition, the effects of genotypes will likely vary at different 
stages of alcohol use (Guo et al., 2007). Thus, the effects of single polymorphisms would be 
small and may not be discovered if other, unknown genetic, individual, or social variables 
moderate the findings. Further, small effects of a single locus require large samples to 
detect these effects. Additionally, genotyping one SNP will not give a definite answer to 
the question of whether this particular SNP is the functional variant responsible for the 
effect due to linkage disequilibrium (i.e., non-random association between two alleles). 
Genotyping several SNPs within the gene and adjacent genes will provide additional 
insights into other possible variants associated with alcohol dependence. Additional 
information on the functionality of a SNP and the mechanism through which it exerts its 
effects may be derived from in vivo and in vitro studies.
Chapter 6, main findings
Three SNPs in the dopamine D2 receptor (DRD2) gene and the ankyrin repeat and 
kinase domain containing 1 (ANKK1) gene, among which the frequently studied Taq1A 
SNP were associated with an elevated trajectory of young adults' externalizing behavior. 
Impulsivity did not mediate this relationship nor was it directly associated with externalizing 
behavior.
Chapter 7, main findings
A polymorphism in the serotonin transporter gene (5-HTTLPR) predicted the 
longitudinal development of adolescent alcohol use: Adolescents with the low activity short 
allele showed larger increases in alcohol use over time than did carriers of the long/long 
genotype. The 5-HTTLPR genotype was not associated with alcohol use when measured 
cross-sectionally.
Developmental perspective
Although twin studies have shown that the magnitude of genetic effects differ with 
age and stage of drinking (Kendler et al., 2008; Pagan et al., 2006; Rose et al., 2001), 
associations between specific genotypes and the development of drinking or externalizing 
behavior have rarely been examined. The studies presented here were a first attempt 
to fill this gap and demonstrated that genetic effects on externalizing behavior, or more 
narrowly, the development of alcohol use, need not necessarily be the same as the effects 
on behavior when measured at one point in time. In other words, if the analyses carried 
out in Chapters 6 and 7 were solely cross-sectional, the (erroneous) conclusions would 
have been that there is no association between externalizing/drinking behavior and the 
DRD2/ANKK1 and 5-HTTLPR genotypes, respectively. Other exceptions include studies 
by Latendresse et al. (2011) and Dick et al. (2009). In the former, an association was 
found between the CHRM2 gene that is involved in self-regulatory processes and different 
developmental trajectories of externalizing behavior. Dick et al. (2009) found that the
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GABRA2 gene was associated with externalizing behavior. Thus, it is essential to employ 
longitudinal designs in gene-association studies and pay great attention to the sample age 
when comparing different gene-association studies.
The genetic 'main-effect approach'
Research has consistently shown that the variance in alcohol (ab)use can be partly 
explained by genetic factors, which justifies the ongoing search for candidate genes 
involved in drinking behavior. However, as alcohol use and dependence are complex 
phenotypes, it seems very unlikely that the alcohol gene is still to be discovered in the 
future. Even when a reliable genetic effect on alcohol use or dependence is revealed 
from meta-analyses or numerous replications, which is easier said than done (see 
Chapters 4 and 5), odds ratios have often been low (< 1.5; Kendler, 2005). This supports 
the assumption that alcohol use is a heterogeneous phenotype that should be taken into 
account in future candidate gene studies; for example, by examining multiple genotypes, 
epistasis, and moderators such as age and environmental factors (see also Part III).
Genome-wide association studies (GWAS) are considered an important potential 
solution for discovering genes associated with alcohol use and dependence. With regard 
to alcohol phenotypes, regions on chromosome 1, 2, 3, 4, 7, 8, 9, and 21 have shown 
linkage to alcohol dependence or a low level of response to alcohol (Bierut et al., 2010; 
Edenberg et al., 2010; Foroud et al., 2000; Reich et al., 1998; Schuckit et al., 2001). 
Although rapid progression has been made in elucidating human sequence variation and 
linkage disequilibrium patterns (e.g., HapMap, www.hapmap.org; Manolio et al., 2008), 
which is helpful for both GWAS and other genetic association studies, several problems 
have emerged. Promising SNPs often have not reached corrected significance in GWAS 
(e.g., Bierut et al., 2010; Edenberg et al., 2010) and findings are generally not replicated 
in independent samples (Bierut et al., 2010). This may be due to a lack of power, since 
examining effects of thousands of SNPs requires large samples and p-values need to be 
corrected for multiple testing to exclude chance findings. By combining samples, meta­
analyses of GWAS may overcome these power problems (Zeggini & Ioanidis, 2009). 
Another explanation for the inconsistencies in genetic main effects findings is that samples 
of alcoholics (and controls) are too heterogeneous in nature to compare to participants in 
other samples, for example due to co-morbid disorders or environmental factors. Further, 
it has been suggested that environmental risk factors should be incorporated in GWAS, 
which would result in so-called gene-environment-wide interaction studies (GEWIS; 
Khoury & Wacholder, 2009; see Chatterjee & Wacholder, 2009 for a commentary). 
However, empirical GEWIS, as well as meta-analyses of GWAS with respect to alcohol 
use, have hitherto been non-existent.
Lessons from biology
Metabolizing systems. Natural candidate genes for genetic research on alcohol (mis) 
use are those involved in the alcohol metabolizing system (i.e., pharmacokinetics; how 
does the human body handle alcohol). There are large individual differences in the activity 
and number of liver enzymes that metabolize alcohol and the genetic substrates of these 
enzymes have been associated with alcohol use. For example, variants of the alcohol 
dehydrogenase 2 (ADH2) gene and the aldehyde dehydrogenase 2 (ALDH2) gene have
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been related to decreased levels of alcohol use; mainly Asian carriers of these variants 
display a lower ability to metabolize alcohol in the liver (see Li, 2000 for an overview). In 
addition, several other metabolizing systems have been suggested, among which is the 
cytochrome P450 system in the liver (e.g., Schuckit et al., 2004; Tyndale et al., 1997). 
These findings are promising in the identification of relevant candidate genes in alcohol 
(mis)use.
Reward systems. Focusing on the pharmacodynamic aspects of alcohol consumption 
(i.e., the (subjective) response to alcohol) leads the candidate gene search to the 
mesolimbic dopaminergic system in the brain. Simply put, alcohol consumption increases 
dopaminergic activity in these brain regions, which, in turn, is associated with positive 
reinforcement (Pierce & Kumarean, 2006; Robinson & Berridge, 2003) and rendering 
genetic variants involved in dopaminergic activity plausible candidates. It has been 
proposed that individuals at risk for alcohol abuse display a reward-deficiency syndrome, 
which is characterized by reduced dopamine levels that can be temporarily relieved by 
the consumption of alcohol (Blum et al., 1996a). Although the latter theory has received 
support from neuro-imaging, pharmacotherapy, and animal studies (e.g., Samson & 
Chappell, 2004; Volkow et al., 1996; Zhou et al., 1995), findings linking dopaminergic genes 
to alcohol phenotypes have been equivocal (e.g., Munafo et al., 2007; Van der Zwaluw 
et al., 2009). As discussed above and in Chapters 4 and 5, this can have several causes 
ranging from alcohol phenotype heterogeneity to spurious findings due to environmental 
factors. Nonetheless, it remains plausible that an individual's experience of the effects of 
alcohol is an important predictor for future drinking behavior, which justifies the search 
for candidate genes involved in mesolimbic reward neurotransmission. In addition, liking 
alcohol, which has been proposed to be mainly opioid-based (Berridge, 2003), is evidently 
also related to taste preference. Specifically, taste perception of bitter-tasting compounds 
has been shown to run in families (Drayna et al., 2005) and genetic variations that reduce 
bitter-taste perceptions have been associated with a risk for alcohol dependence (Duffy et 
al., 2004; Hinrichs et al., 2006; Wang et al., 2007), making taste perception an excellent 
endophenotype (see below).
The endophenotype approach
Because the detection of genes associated with alcohol use and dependence has 
proven difficult, various approaches have been proposed that may aid gene identification 
and provide additional insight into the underlying mechanisms of a heterogeneous 
phenotype such as alcohol (ab)use. Gottesman and Shields (1971) were the first to suggest 
the use of endophenotypes, or intermediate phenotypes; measurable components along 
the pathway between genotype and disease, for example at the cognitive, neurobiological, 
or biochemical level. Ideally, endophenotypes should be associated with illness in a 
population; be manifest in an at-risk person regardless of whether that person actually 
shows the disorder; and should be heritable, preferably with monogenic roots (Gottesman 
& Gould, 2003; see also for an in-depth discussion of the endophenotype concept Kendler 
& Neale, 2010). Numerous endophenotypes of interest in alcohol disorders have been 
reported (see Dick et al., 2006 or Hines et al., 2005 for overviews). A non-exhaustive 
list of suggested endophenotypes include (neuro)biological and subjective sensitivity or 
response to alcohol (Luczak et al., 2011; Ray et al., 2004a; Ray et al., 2010b; Tapert
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et al., 2003, 2004), alcohol craving (Hutchison et al., 2002b; Van den Wildenberg et 
al., 2007), electroencephalography (EEG) and event-related brain oscillations (Porjesz 
& Rangaswamy, 2007), alcohol metabolism (Edenberg, 2007), hormonal responses to 
alcohol (Clark et al., 2007), working memory (Spadoni et al., 2008), impulsivity/disinhibition 
(Ersche et al., 2010; Iacono et al., 2008), sensation and novelty seeking (Ersche et al., 
2010), stress reactivity (Clarke et al., 2007) and alcohol expectations (Wiers & Stacy,
2006). As discussed below, several lines of research on alcohol-related endophenotypes 
appear promising.
Subjective response to alcohol. How someone experiences the effects of alcohol (i.e., 
pharmacodynamics) varies extensively between individuals: Some tend to be more 
sensitive to the positive, reinforcing effects of alcohol, while others report stronger notions 
of aversive, sedative effects (Ray et al., 2010a). A low level of response to any alcohol 
effect (both positive and aversive) has been prospectively associated with alcohol misuse 
(Heath et al., 1999; Schuckit & Smith, 2000). Conversely, others have suggested that a 
heightened sensitivity for the reinforcing effects of alcohol and a low level of response to 
the aversive effects increase the risk for alcohol (ab)use (Ray et al., 2010a). The level 
of response to alcohol has been shown to be a stable and heritable trait (Heath et al., 
1999; Viken et al., 2003), rendering it a potentially interesting endophenotype. Schuckit 
et al. (2004) proposed several candidate genes that may be associated with the level of 
response to alcohol. For example, the GABAA receptor genes, the serotonin transporter 
gene (SLC6A4) and genes implied in second messenger systems such as cAMP, although 
direct evidence linking these genetic loci to level of response to alcohol is still scarce (see 
for an exception Schuckit et al., 1999). In addition, findings on the OPRM1 Asn118Asp 
polymorphism suggest that G allele carriers demonstrate greater subjective responses to 
the effects of alcohol (Ray & Hutchison, 2004, 2007).
Brain oscillations. The electroencephalogram (EEG), recorded when the participant 
is at rest, reflects ongoing spontaneous brain electrical activity and represents neural 
communication and information processing. The awake resting EEG is generally dominated 
by alpha (8-11.5 Hz) and beta (12-28 Hz) frequencies (Von Stein & Sarnthein, 2000). 
As resting EEG patterns are highly heritable (Van Beijsterveld et al., 1996), a relatively 
stable trait (Porjesz & Rangaswamy, 2007; Sorbel et al., 1996), and have been related 
to alcohol dependence (Porjesz et al., 2005), brain oscillations are a potentially useful 
endophenotype. For example, increased beta power has been demonstrated in the resting 
EEG of alcohol-dependent individuals as well as the offspring of alcoholics (see Porjesz 
et al., 2005 and Porjesz & Rangswami, 2007 for overviews). This increase in beta power 
has been suggested to represent disinhibition of the central nervous system (CNS), which 
may involve deficits in GABA transmission and mediate some of the effects of alcohol, 
such as sedation, disruption of motor coordination, and withdrawal symptoms (Grobin et 
al. 1998). With regard to the genetic factors underlying these effects, differences in EEG 
beta frequency bands have been associated with SNPs in the gene that encodes the 
GABA alpha-2 subunit protein (GABRA2), which is located at chromosome 4 (Edenberg 
et al., 2004). Further, SNPs in GABRA2 have been related to alcohol dependence and 
externalizing behavior in independent samples (Covault et al., 2004; Dick et al., 2009; 
Edenberg et al., 2004; Soyka et al., 2008). Similar results have been shown for the P300
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wave, an event related potential (ERP) that is lower in individuals with alcohol dependence 
and other disinhibitory disorders and SNPs in the muscarinic acetylcholine receptor M2 
gene (CHRM2), which resides at chromosome 7 (see Porjesz & Rangaswamy, 2007 for 
an overview).
Stress reactivity. Both acute and chronic stress tend to increase alcohol intake and 
alcohol-seeking behavior in humans and animals (Sinha, 2001, 2008). As an underlying 
psychological mechanism, scholars have suggested the tension reduction model 
(Conger, 1956), which implies that alcohol consumption reduces stress and anxiety. On 
a neurobiological level, the hypothalamic-pituitary-adrenal (HPA) axis is an important 
neuroendocrine system that regulates the body's response to stress. In addition, HPA axis 
activity has been related to alcohol use (Lesch, 2005) and, as Zimmerman et al. (2004) 
showed, the HPA axis response (i.e., plasma cortisol and adrenocorticotropin hormone 
levels) following induced stressors could be heritable (see also Zimmerman et al., 2007 
for an overview). In addition, a heightened HPA axis response may be the result of early 
life stress (Andersen & Teicher, 2009). Additionally, HPA axis activity has been suggested 
as an endophenotype for alcohol (mis)use (Clarke et al., 2007) and several genes related 
to the HPA axis system have been revealed as potential risk factors for alcohol (mis)use. 
Examples include the GABRA2 gene, the serotonin transporter gene (SLC6A4), and the 
corticotropin-releasing hormone gene (CRHR1), which have been associated both with 
alcohol use and stress response (Dick et al., 2006; Hariri et al., 2002; Smolka et al., 2007; 
Treutlein et al., 2006; Van der Zwaluw et al., 2010b (Chapter 7), see Clarke et al., 2007 for 
an overview).
Craving/cue-response. Craving for alcohol has been defined as the urge or desire to drink 
and has been associated with an increased risk for relapse in abstinent alcoholics (Tiffany 
& Conklin, 2000). Alcohol-dependent and heavy drinking individuals yield enhanced 
craving levels when exposed to alcohol priming doses (De Wit, 2000; Drummond et al., 
2000; Hutchison et al., 2002b). In addition, it has been demonstrated that cues associated 
with alcohol, such as smell (Van den Wildenberg et al., 2007) or seeing someone drink 
(Larsen et al., 2010a, 2010c), are able to trigger craving and actual alcohol consumption, 
presumably through the activation of the mesolimbic dopamine system (Robinson & 
Berridge, 2003). For example, Larsen et al. (2010a, 2010c) showed that being in the 
company of a heavy drinking peer significantly increased alcohol consumption. These 
effects are likely to be moderated by genetic factors. Several studies have also shown 
that DRD4 long allele carriers respond more strongly to effects of alcohol-related cues and 
priming doses with feelings of craving and with alcohol consumption than do individuals 
who are homozygous for the DRD4 short allele (Hutchison et al., 2002b; Larsen et al., 
2010c; Ray et al., 2010b). Nonetheless, we did not find this interaction with the alcohol 
use of best friends (see Chapter 10), which suggests that this particular DRD4 VNTR 
genotype plays a larger role in acute influence processes on alcohol use. Future studies 
with experimental, observational designs such as the Larsen et al. (2010c) study are likely 
to shed more light on these issues (Quigley & Collins, 1999).
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III. GENE-ENVIRONMENT INTERACTIONS
The third part of this thesis was intended to bring the two separate fields of social 
and genetic factors together to further unravel the etiological pathways of (adolescent) 
alcohol use. Although much has been written on gene-environment interactions and the 
way in which these studies should be performed, empirical research is still lacking. It 
was expected that social environments might control (in the case of parental rule-setting; 
Chapters 8 and 9) or trigger (in the case of friends' drinking behavior; Chapter 10) a 
genetic predisposition toward alcohol (mis)use (Shanahan & Hofer, 2005). In Chapter 11, 
an overview is given of the scattered field of the gene-environment interaction studies 
on drinking behavior. Subsequently, the pitfalls of and recommendations for gene­
environment interaction studies are briefly discussed. Further, mechanistic processes 
are presented, which might confound gene-social environment interactions. For example, 
gene-environment correlations and epigenetic mechanisms should be considered when 
examining the interplay between genetic and social factors.
Chapter 8 and 9, main findings
Adolescent alcohol initiation was predicted by a gene-parenting interaction: Adolescents 
with the Taq1A risk (A1/T) allele reported higher levels of weekly alcohol use over time, if 
their parents were lenient on alcohol consumption. In Chapter 9, the interaction between 
the Taq1A genotype and parental alcohol-specific rule setting on early adolescent alcohol 
use was replicated in an independent cross-sectional sample.
Chapter 10, main findings
Adolescents and their best friends positively and reciprocally influenced each other's 
alcohol use over time. Further, a VNTR polymorphism in the dopamine D4 receptor 
(DRD4) gene did not moderate the prospective relationships between adolescent alcohol 
use and their best friends' drinking behaviors.
Chapter 11, main findings
An overview of 13 gene-environment interaction studies on alcohol use showed 
that testing gene-environment interactions is gaining attention in the alcohol research 
field. However, the variety of candidate genes and environmental risk factors and the 
heterogeneity in alcohol phenotypes of empirical studies that have examined gene­
environment interactions have precluded drawing overarching conclusions. Therefore, this 
field is in need of theories that explain, on a neurobiological basis, how genetic factors can 
render a person more vulnerable to specific influences from the environment. In addition, 
as evidence on gene-environment interactions on alcohol consumption barely exceeds the 
anecdotal level, replication is essential, preferably in large, longitudinal samples.
Gene-environment interactions
Replication. In examining gene-environment interactions, Moffitt et al. (2005) proposed 
seven strategic steps: (1) consult quantitative behavioral-genetic models (i.e., twin and 
adoption studies), (2) identify an environmental risk factor, (3) optimize environmental 
pathogen measurement, (4) identify candidate susceptibility genes, (5) test for an 
interaction, (6) evaluate the interaction, and (7) replicate and conduct meta-analyses. 
Following the steps suggested by Moffitt et al. (2005), we presented evidence for a new
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gene-environment interaction on adolescent alcohol use (Chapters 8 and 9). The findings 
are in line with the 'social control' theory of Shanahan and Hofer (2005) in which the social 
environment (i.e., alcohol-specific rule setting) restricts the effects of a genetic vulnerability 
(i.e., the Taq lA  A1 allele). Although our initial report on this gene-parenting interaction 
(Van der Zwaluw et al., 2010a) was replicated in an independent sample (Pieters et al., 
2011b), more replications are needed to examine whether the present findings transfer to 
older adolescents, more advanced stages of alcohol consumption, and parenting aspects 
not specific to alcohol use. With respect to the latter, a recent study by Creemers et al. 
(2010) showed no moderation effects for general parenting (monitoring) on the association 
between DRD2 and DRD4 genotypes and adolescent alcohol and cannabis use. Hence, 
a preliminary conclusion might be that the association between DRD2 (DRD4) genotype 
and adolescent alcohol use is mainly influenced by alcohol-specific parenting and not by 
general aspects of parenting. This does not concur with the notion of Caspi et al. (2010) 
that factors in replication studies do not need to match those of the original report. Given 
the non-significant results of Creemers et al. (2010) and the fact that general parenting 
measures have not shown consistent direct associations with adolescent alcohol use and 
alcohol-specific parenting practices have (Van der Vorst et al., 2005, 2007; Van der Zwaluw 
et al., 2008), we are inclined toward stating that replication attempts of our findings should 
include measures of alcohol-specific parenting. This is in line with Jaffee and Price (2007) 
who recommend that the environmental factor under study is highly specified and well 
measured. In addition, the extent to which a replication study should match the original 
report might be dependent on the type of sample under examination. For example, in 
children of alcohol-dependent parents, general measures of parenting might sufficiently 
represent family (dys)functioning and handling of the offspring's drinking behavior, while 
more specific measures of parenting may be needed to acquire an impression of how 
alcohol use is controlled in community samples.
The findings presented in Chapter 10 did not corroborate with the only other study 
on the interaction between DRD4 genotype and social influence effects on alcohol use 
(Larsen et al., 2010c). The experimental study design applied in the Larsen et al. (2010c) 
study allowed the measurement of acute influence effects, which was considerably 
different from the longitudinal assessment of alcohol use in our study (Van der Zwaluw 
et al., 2011b). Thus, to replicate the finding that DRD4 long allele carriers are more 
susceptible to another person's drinking behavior than are those homozygous for the 
short allele (Larsen et al., 2010c), similar experimental or observational designs should be 
applied (see also Quigley & Collins, 1999). In addition, the sample of Larsen et al. (2010c) 
was comprised of young adults who showed relatively high levels of alcohol use. This 
may have resulted in higher cue-reactivity levels compared to the adolescents included 
in our study. Thus, both design and type of sample are important issues to consider when 
comparing and replicating different studies.
Although empirical gene-environment interaction studies are still limited, research on 
gene-environment interactions has received increasing attention over the past decade 
(Dick, 2011). Above, we attempted to elucidate the difficulties that may accompany efforts 
to link specific genotypes to alcohol phenotypes. Conversely, Sher et al. (2010) argued 
that 'any scan for environmental effects is likely to be haphazard and unsystematic at best.’
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They also stated that the number of environmental factors that affect a person's alcohol 
use is unknown (unlike the genome that has a large but finite number of genes). Of note, 
Sher et al. (2010) disregard the fact that, although the number of genes is finite, the way in 
which these genes wield their effects is largely unknown. Factors such as epistasis, gene 
expression levels, epigenetic mechanisms, and the manner in which biological processes 
interact with each other in the brain generally remain hitherto unidentified. The hunt for 
genes associated with alcohol use (disorders) is, therefore, just as much searching for a 
needle in a haystack, as is the attempt to identify environmental risk factors. However, if 
the selection of genetic and environmental factors is theory-based, proximal environmental 
factors are well measured over a longer period and assessments take developmental 
aspects into account (Moffitt et al., 2006), we feel that the future of gene-environment 
interaction studies could be promising.
Gene-environment correlations. Gene-environment correlations (i.e., genetic influences on 
environmental factors) include passive, active, and evocative mechanisms (e.g., Jaffee 
& Price, 2007). For example, genes of antisocial parents (which are transmitted to their 
children) are also associated with the potentially harsh way in which parents raise their 
offspring is considered a passive gene-environment correlations (rGEs). Active rGEs refer 
to the fact that an individual's genetic make-up influences the environment he/she selects. 
Evocative rGEs occur when associations between parental behavior and the child's 
behavior are evoked by the child's genotype. Because ignoring rGEs can lead to misleading 
conclusions about the underlying mechanism through which genetic and environmental 
factors shape behavior, it is essential to include rGEs in studies that examine gene­
environment interaction effects (Riley, 2008). In the three gene-environment interaction 
studies presented in this thesis, generally no significant rGEs were detected. Nonetheless, 
Jaffee and Price (2007) stated that rGEs are generally small and, as a consequence, 
our studies may have lacked power to detect rGEs due to relatively small sample sizes. 
Therefore, it is recommended that future studies that measure genetic and environmental 
factors aim at targeting sufficiently large samples, hereby paying sufficient attention to 
measuring the quality of environmental factors, which is often poor in large samples (Caspl 
et al., 2010).
Plasticity genes.The basis of the differential susceptibility model, launched by Belsky 
et al. (2009), centers on the fact that children are dissimilarly affected by environmental 
factors during their (early) life course. Their main argument is that these 'malleable' children 
or adolescents are disproportionally affected by both negative and positive experiences, 
which might be due to differences in early temperament, physiological reactivity, or genetic 
factors (Belsky & Pluess, 2009). An example of the latter is provided by Bakermans- 
Kranenburg and Van IJzendoorn (2006), who found that DRD4 long allele carriers were 
more vulnerable to maternal insensitivity than were children homozygous for the short 
allele, which lead to more externalizing problems. Along these lines, DRD4 long allele 
carriers displayed the lowest levels of externalizing behavior when mothers were highly 
sensitivity in their parenting (see Belsky & Pluess, 2009; Pluess & Belsky, 2009 for more 
examples). Cross-over interactions, such as these, suggest that vulnerability or risk genes 
may be better conceptualized as plasticity genes (Belsky & Pluess, 2009). However, some 
studies do show that vulnerability/plasticity allele carriers are only susceptible to adverse
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environmental effects (e.g., Kaufman et al., 2007; Larsen et al., 2010c; Nilsson et al., 2007 
MAOA; Van der Zwaluw et al., 2009), which opposes the plasticity gene theory. It should 
be mentioned that, since scholars and questionnaires tend to focus on the adverse and, 
in some cases there is no 'positive' environment included in the study, or it is defined as a 
lack of the adverse environmental factor. The latter impedes examining whether youth with 
the plasticity gene(s) also benefit more from positive environments.
Epigenetics. Epigenetics is defined as the study of heritable changes in gene expression 
that is not caused by changes in the DNA sequence (Wolffe & Ma, 1999). In other 
words, non-genetic factors cause a gene to express itself differently without changing 
the nucleotide sequence. Epigenetic modifications often occur during gestation (i.e., 
pregnancy) when environmental factors, such as maternal nutrition, modify cellular 
pathways that might cause one genotype to produce several different (adult) phenotypes. 
However, research has also found that epigenetic changes continue across development 
and they may be reversible (Champagne & Meaney, 2006; Tsankova et al., 2006). The 
most common mechanisms by which epigenetic changes occur are DNA methylation and 
chromatin packaging, both of which are involved in gene transcription processes that also 
influence gene expression. In short, transcription factors bind to specific DNA sequences, 
allowing genes to be turned on or off. For example, DNA methylation, where a methyl 
group is added to a DNA molecule, impedes the binding of transcription factors to the DNA 
sequence, thereby influencing DNA expression. For additional details on the biological 
mechanisms, the reader is referred to reviews of Dolinoy et al. (2007) and Zhang and 
Meany (2010).
An illustrative example on epigenetic modifications comes from a study by Dolinoy 
et al. (2006), which showed that feeding mother mice a different diet during gestation 
resulted in a shift in coat collar in the genetically identical offspring. Specifically, a maternal 
supplemented diet with folic acid (among other supplements) produced offspring with 
a brown coat, while mother mice that did not receive the supplemented diet gave birth 
to yellow-coated baby mice. In addition, maternal care (i.e., grooming and licking) and 
maternal stress have been shown to affect the expression of genes involved in stress 
reactivity and cognition in offspring rodents (Champagne et al., 2003; Meaney, 2001; 
Weaver et al., 2004). Although we are not aware of studies that have shown a direct 
association between epigenetic changes and later drinking behavior, deregulated stress 
systems or changes in cognition may be treated as endophenotypes for alcohol (mis)use 
as well as provide additional information on the biological mechanisms through which 
environmental factors exert their effects (Dick, 2010, see also above). Epigenetic research 
is difficult to conduct in humans for obvious ethical reasons. Therefore, it is important 
to build suitable animal models for human alcohol use (Sher et al., 2010). Additionally, 
the finding that monozygotic (100% genetically identical) twins become more discordant 
in epigenetic marks throughout their lives (Fraga et al., 2005) suggests a model that 
environmental factors may contribute to a discordance between monozygotic twins.
In general, the occurrence of epigenetic phenomena implies that by examining 'simple’ 
genotype-phenotype associations, essential processes in gene expression not caused 
by the DNA sequence are overlooked. Moreover, for a full understanding of how gene­
environment interactions lead to (drinking) outcomes, epigenetic mechanisms should be
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G E N E R A L  DISCUSSION
PART IV - INTERACTIONS BETWEEN GENES AND COGNITIVE RISK FACTORS
The last part of this thesis concentrated on the role of cognitive factors in the association 
between genotypes and adolescent alcohol use. By examining cognitive factors, such as 
drinking motives and reversal learning scores, the aim was to gain additional insight into 
the mechanistic processes that underlie genotype-alcohol use associations. The studies 
presented here are among the first to examine whether genetic influences on drinking 
behavior vary with cognitive functioning. Subsequently, prevention and intervention ideas 
with regard to (adolescent) alcohol use are discussed.
Chapter 12, main findings
Drinking to cope with negative emotions (coping drinking) was associated with more 
frequent binge drinking episodes and higher levels of alcohol-related problems, particularly 
if one carried the Taq1A risk allele.
Chapter 13, main findings
The OPRM1 genotype was associated with more frequent alcohol use in early 
adolescents, while two dopaminergic genotypes (DRD2 and DAT1) were not. This 
association was moderated by reversal learning performance; those with the G allele of 
a polymorphism (A118G) in the OPRM1 gene consumed alcohol more frequently if they 
committed more commission errors and if they perseverated less on a reversal learning 
task.
The two chapters of this thesis provided preliminary evidence that alcohol consumption 
is affected by interactions between genotypes and cognitive risk factors. Applying certain 
motivations to drink or being sensitive to punishment interacts with different genotypes on 
drinking behavior in a multiplicative way (i.e., with each independent risk factor augmenting 
the risk for higher levels of alcohol use). The association between neurocognitive factors 
and (adolescent) alcohol use is not new. For example, on a conscious, explicit level, 
Kuntsche et al. (2005, 2007) consistently demonstrated that alcohol expectancies and 
motivations to drink are good predictors of alcohol use. In addition, behavioral disinhibition, 
conceptualized in various ways, including impulsivity, lack of perseverance, and novelty/ 
sensation seeking, have been associated with an increased risk for alcohol (mis)use 
(Clark et al., 2002; Dick et al., 2010). This relationship is particularly important during 
adolescence, as adolescents demonstrate higher levels of impulsivity, take more risks, 
and score higher on sensation seeking scales than do adults (Crone et al., 2008; Rubia 
et al., 2000) due to the prefrontal cortex not being fully matured (Sowell et al., 2003). In 
addition, implicit cognitions have been associated with adolescent drinking (Wiers et al.,
2007) and alcohol abuse in adults (Roefs et al., 2011). For example, heavy drinking adults 
and adolescents (implicitly) pay more attention to alcohol-related cues (attentional bias) 
than non-heavy drinkers (Field et al., 2006; Townshend & Duka, 2001). These attention- 
grabbing processes are presumed to be relatively automatic and have been theorized 
to interact with control mechanisms that have the ability to inhibit or change the former 
process (i.e., a dual-process model; Wiers et al., 2007).
With regard to the genetic aspect of the equation, there is some evidence that the 
OPRM1 gene is important in early adolescent drinking (Chapter 13, Miranda et al., 2010;
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Pieters et al., 2011a). This seems to contradict one conclusion drawn earlier in this thesis 
(Chapter 4; the OPRM1 A118G polymorphism is not associated with alcohol dependence). 
However, given that genetic effects may differ for age and stage of use, perhaps this 
is one of those genotypes that exert different effects during the life course. Following 
Berridge (2003), it might be that the opioid system, which is related to 'liking' alcohol, 
is more pertinent in the early phases of drinking, while dopaminergic neurotransmission 
(associated with 'wanting' alcohol) may become more prominent in later stages of drinking 
(Robinson & Berridge, 2003). In addition, it is plausible that genetic variants moderate 
cognitive processes (e.g., Van der Zwaluw et al., 2011a; Wiers et al., 2007); however, 
there is a paucity of studies that have examined interactions between genetic and 
neurocognitive factors of alcohol use. One study by Pieters et al. (2011a) found that the 
OPRM1, but not DRD4 genotype, interacted significantly with an attentional bias toward 
alcohol in adolescent drinkers. Conversely, in heavy drinkers, a significant interaction was 
found between attentional bias and DRD4, but not the OPRM1 genotype. This study and 
the findings presented in Chapters 11 and 12 of this thesis provide preliminary evidence for 
the interplay between genetic and cognitive factors and are a first encouraging instigation 
to continue empirical research on gene-cognition interactions.
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PREVENTION AND INTERVENTION APPROACHES
Prevention
Primary (universal) prevention. Because adolescents typically start drinking at the age of
12 (Hibell et al., 2004), primary (universal) prevention efforts are often school-based and 
focus on young adolescents. However, effect sizes of primary prevention programs are 
generally small, if existent at all (e.g., Cuijpers et al., 2002; Foxcroft et al., 2003; Kleinjan & 
Engels, 2010; White & Pitts, 1998). Additionally, public information campaigns that provide 
information on alcohol use and its consequences have not shown long-term effects (Foxcroft 
et al., 2003; Room et al., 2005). To universally prevent or decrease alcohol consumption, 
law or policy-enforced strategies have seemed most successful. However, although 
raising the price of alcoholic beverages, restricting alcohol availability (e.g., by reducing 
the number of liquor stores, the hours at which alcohol can be purchased), and increasing 
the minimum legal age for purchasing and consuming alcohol have proven effective in 
decreasing purchasing alcohol (Anderson & Baumberg, 2006; Kleinjan & Engels, 2010; 
Room et al., 2005) these strategies are generally not favored by governments (Room et 
al., 2005). Since parental rule-setting has shown effective in reducing adolescent alcohol 
use (Van der Vorst et al., 2007; Van der Zwaluw et al., 2008; Van der Zwaluw et al., 
2010a), prevention programs aimed toward parents and their role in adolescent alcohol 
use may be more effective. Koning et al. (2009) indeed found that a prevention program 
that targeted both adolescents and their parents was effective in prospectively diminishing 
youth alcohol use over time. With regard to peer influence processes (see Chapter 10), 
Orlando et al. (2005) showed that a social-influence-based prevention program reduced 
alcohol misuse by decreasing perceived peer influence and positive expectancies of 
alcohol.
Selective prevention. Selective prevention programs, specifically aimed at populations 
at risk, frequently generate higher effects than primary programs (Gottfredson & Wilson, 
2003). For example, the Preventure program focuses on presumed at-risk adolescents 
based on certain personality traits (i.e., an impulsive personality, characterized by sensation 
seeking and low impulse control, and a neurotic personality, characterized by high levels 
of anxiety, depression, and pessimistic thinking) and has shown to prospectively reduce 
drinking levels in American youth (Conrod et al., 2010). The intervention itself includes 
challenging maladaptive thinking, enhancing coping skills (based on cognitive behavioral 
therapy), and increasing the adolescent's motivation to take responsibility for his/her 
actions (based on motivational interviewing) (Conrod et al., 2008). The latter has also 
proven to be effective in other selective prevention programs among college students 
(Baer et al., 2001). In the Netherlands, Lammers et al. (2011) are currently examining 
whether Preventure has similar positive effects on Dutch adolescents.
Thus far, alcohol prevention programs have aimed at changing individual characteristics 
(e.g., coping skills, motivation), parent behaviors, or government policies. With the human 
genome sequence being nearly elucidated, questions arise on the value of genomic 
research for prevention and intervention. Collins (1999) stated that, in order to be 
useful for diagnostics, prevention, and intervention, sequencing products of the human 
genome should be accurate, affordable, and easily accessible via public databases. In 
1999, he also predicted that “by 2003, the full DNA sequence of the human will give us
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unprecedented opportunities to observe and understand the literal Book of Life, (...) which 
may foretell future disease and alert patients and their health care providers to undertake 
better preventive strategies”. However, reality has proved more complicated, especially for 
complex phenotypes such as alcohol (mis)use. As such, some researchers have argued 
that screening for specific SNPs is not constructive since individual genetic variants 
generally convey small effects (Willett, 2002). Others have claimed that phenotypes 
that have modifiable causes and relatively low levels of genetic etiology, such as alcohol 
abuse, should be targeted with a population prevention approach and not with genomic 
research (Merikangas & Risch, 2003). However, as stated previously, universal prevention 
programs are generally not very effective. In addition, Khoury et al. (2005) stated that 
genomic research can be useful in distinguishing disease risk and targeting interventions 
for individuals and populations. For example, since alcohol abuse tends to run in families 
(Bierut et al., 1998), family history information can be used to identify people at increased 
risk for alcohol (ab)use (Khoury et al., 2005). Additionally, one future step could be to use 
genetic profiles (consisting of multiple genetic markers) related to alcohol abuse, alcohol 
metabolism, or other alcohol-related endophenotypes for selective prevention (see for an 
ethical discussion, Harris, 2004; Khoury et al., 2007; Stone & Stewart, 1996). Although 
inferences, based on genomic profiling, are highly premature, there are already companies 
that offer genetic sequencing to 'identify' susceptibility to various diseases (Haga et al., 
2003). In the future, genomic profiling may be useful for targeting individuals at risk; 
however, much more empirical research is needed to elucidate the causal gene-gene 
and gene-environment processes of alcohol (mis)use. Until that time, selective prevention 
should focus on risk factors that can be identified without direct genetic sequencing, 
such as environmental risk factors (e.g., lenient parental rule-setting; Chapter 2, 8, & 9), 
individual risk factors (e.g., drinking to cope; Chapter 12), and a positive family history of 
alcohol abuse.
Intervention
Numerous interventions are available for heavy drinkers and alcohol-dependent 
individuals, which range from brief, ambulant interventions to pharmacotherapy (see 
Room et al., 2005 for an overview). For example, the 12-step facilitation (TSF) applied 
by Alcoholics Anonymous groups, therapies designed to enhance the drinker's motivation 
to abstain (e.g., motivational enhancement therapy; MET), family therapy, and cognitive 
behavioral therapy (CBT) have all shown more effective than no treatment at all, both 
in adults and adolescents (Perepletchikova et al., 2008; Room et al., 2005). Further, 
pharmacotherapy with benzodiazepines, naltrexone (an opioid antagonist), acamprosate 
(affects GABAergic and glutamate signalling), or topiramate (an anticonvulsant) have 
proven to be more efficacious than placebos, although effect sizes have generally 
been small (Johnson et al., 2007; Room et al., 2005; Streeton & Whelan, 2001). With 
regard to adolescent alcohol abuse, pharmacotherapy is also beginning to be applied 
(e.g., Deas et al., 2005), although the paucity of research in this population precludes 
offering recommendations on the effectiveness and value of pharmacotherapy in 
adolescent alcohol abusers (Perepletchikova et al., 2008). Lastly, a relatively new line of 
research of cognitive-bias modification (CBM) intervention has shown that maladaptive 
cognitive biases and AUDIT scores could decrease by retraining approach tendencies
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(Schoenmakers et al., 2010; Wiers et al., 2011). These retraining effects have, thus far, 
been shown in adult alcohol-dependent patients, and it is unclear whether they translate 
to adolescents. Perhaps retraining of approach tendencies and other cognitive biases in 
adolescent heavy social drinkers decreases the risk for alcohol abuse and dependence in 
adulthood. Future research should investigate whether this is the case.
Although findings on interventions are fairly promising, there is wide variability in the 
effectiveness of treatment for alcohol abuse and dependence, which may be due to genetic 
differences between alcohol-dependent individuals. For example, Bauer et al. (2007) 
found that the GABRA2 genotype modified psychosocial treatment outcomes of CBT, 
TSF, and MET. In addition, research has consistently found that OPRM1 G allele carriers 
respond better to naltrexone treatment for alcohol dependence (see Anton et al., 2008 for 
an overview). Moreover, epigenetic modifications on, for example, DNA methylation can 
last for many years (McClung & Nestler, 2008), which might also affect an individual's 
response to (pharmaco)therapies (Uher, 2011). While we are not aware of studies that 
have examined these associations in alcohol abusing adolescents, there is no reason 
to assume that genetic factors are not important moderators of therapeutic outcomes in 
adolescents.
As the success of an intervention seems dependent on the interplay between genetic, 
individual, and environmental factors, which results in highly heterogeneous treatment 
outcomes between persons, it has been argued that the focus in medicine should shift from 
“one size fits all” to an individualized approach (Chakravarti & Little, 2003). The findings 
presented above on genetic moderations of treatment outcomes, albeit still anecdotal, may 
aid personalized psychiatry to account for individual variability in therapeutic responses to 
improve therapeutic outcomes (Uher, 2008b, 2011).
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THEORETICAL IMPLICATIONS AND SUMMARY
The findings presented in this thesis suggest that alcohol (ab)use is associated with 
several social environmental (e.g., parental drinking, alcohol-specific parenting, friends’ 
and partners' alcohol use), genetic (e.g., serotonin, opioid genes), and individual cognitive 
factors (i.e., drinking motives, sensitivity to punishment). Many of these causal factors 
seem to additionally moderate each others' effects in gene-environment or gene-cognition 
interactions, thus, complicating the elucidation of the etiological pathways toward alcohol 
(mis)use. Moreover, the development and different stages of alcohol consumption are 
likely to be affected by different precursors as there are multiple causal pathways to the 
same phenotype (Uher, 2010). Our findings are in line with several theories ranging from 
Bandura’s (1977) social role model theory to Shanahan and Hofer’s (2005) social context 
in gene-environment interactions theory (see above); however, they all explain only a part 
of drinking behaviors. We are not aware of theories that incorporate social environmental, 
genetic, and individual factors in explaining alcohol use during the life course, while 
simultaneously taking possible mediating endophenotypes or other mechanistic processes 
into account. To investigate how these factors influence the various stages of alcohol 
use during the life course, very large, longitudinal samples, starting at the prenatal stage 
and continuing into adulthood are needed, in which environmental risks should be well 
measured. In addition to large longitudinal studies, (quasi) experimental designs in which 
environmental factors can be manipulated and ecological momentary assessments (EMA) 
represent alternative approaches (e.g., Larsen et al., 2010c; Ray et al., 2010a). This is 
especially with regard to research in which multiple disciplines are brought together as 
a strong theoretical basis and several replication studies are needed to avoid phishing 
experiences and false positive results. That being said, in my opinion multidisciplinary 
research is the only way by which we may be able to elucidate the causal pathways to 
alcohol (mis)use.
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NEDERLANDSE
SAMENVATTING
Alcohol is de meest gebruikte drug in de Westerse samenleving en risicofactor nummer één 
voor overlijden en invaliditeit onder jongeren. In Nederland experimenteren adolescenten 
gemiddeld voor het eerst op hun twaalfde met het drinken van alcohol. Op 16-jarige leeftijd 
doet 77% regelmatig aan 'binge drinken' (meer dan 5 glazen alcohol op één avond drinken) 
en ook het zogenaamde comazuipen (grote hoeveelheden alcohol consumeren om heel 
dronken te worden of tot je het bewustzijn verliest) komt tegenwoordig steeds meer 
voor. Overmatig drinken kan tot vele negatieve consequenties leiden. Hieronder vallen 
bijvoorbeeld een verhoogd risico op verkeersongelukken, angst- en depressiestoornissen 
en het krijgen van verschillende vormen van kanker. Er zijn bovendien aanwijzingen dat 
alcoholgebruik tijdens de adolescentie een negatief effect heeft op de ontwikkeling van 
de hersenen en het cognitief functioneren. De meeste jongeren kunnen goed omgaan 
met de verleidingen van alcohol, maar er is een subgroep die meer en vaker drinkt dan 
de gemiddelde adolescent en die bijgevolg een grotere kans heeft op alcoholmisbruik en 
-verslaving op latere leeftijd. Het is dus van belang om te onderzoeken waarom jongeren 
gaan drinken en waarom sommigen meer drinken dan anderen.
DEEL 1. SOCIALE OMGEVINGSINVLOEDEN
In dit proefschrift is gekeken naar verschillende soorten risicofactoren wat betreft 
alcoholgebruik en -m isbruik, veelal vanuit een multidisciplinair perspectief. In het 
eerste deel zijn met name invloeden vanuit de sociale omgeving onderzocht. Eén van 
de belangrijkste theoretische kaders hierbij is de sociale leertheorie, die stelt dat (drink) 
gedrag geleerd wordt door het observeren en imiteren van rolmodellen uit de omgeving 
(bijv. ouders, vrienden, partners). Daarnaast hebben we ons gericht op de opvoeding die 
ouders hanteren om het alcoholgebruik van hun kinderen te hanteren en te voorkomen, 
de zogenoemde alcoholspecifieke opvoeding.
Hoofdstuk 2: De invloed van alcoholgebruik van ouders en hun opvoeding
Hoofdstuk 2 beslaat een meerjarige (i.e. longitudinale) studie waarin werd gekeken of het 
alcoholgebruik van jongeren werd beïnvloed door de opvoeding en door problematisch 
drankgebruik van hun ouders. Uit de bevindingen blijkt dat problematisch alcoholgebruik 
van ouders leidt tot meer drinken van met name de jongere adolescenten (tot 15 jaar). 
Alcoholspecifieke opvoedingsstrategieën als het stellen van meer regels en het controleren 
van drinkgedrag (monitoren) resulteerden in minder jeugdig alcoholgebruik. We vonden in 
deze studie geen bewijs voor een samenhang tussen het ouderlijk alcoholgebruik en de 
opvoeding van ouders.
Hoofdstuk 3: De invloed van de partner
In dit hoofdstuk hebben we ons gericht op een sociale omgevingsfactor die nog erg weinig 
is onderzocht met betrekking tot het alcoholgebruik van jongeren, namelijk de partner. 
De resultaten lieten zien dat jongeren, net als volwassenen veel lijken op hun partners 
wat betreft hun drankgebruik. Dit kwam vooral doordat jongeren, met name meisjes, 
hun nieuwe partner selecteerden op (onder andere) zijn/haar alcoholgebruik en minder 
doordat partners elkaars drankgebruik beïnvloedden.
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DEEL 2. GENETISCHE EFFECTEN
In het tweede deel van dit proefschrift is gekeken naar genetische effecten op 
alcoholgebruik, alcoholverslaving en externaliserend gedrag (dat zeer hoog samenhangt 
met alcoholgebruik). Dat alcoholmisbruik vaker voorkomt binnen families impliceert dat 
het risico op een alcoholverslaving kan worden overgeërfd. Uit tweelingstudies is gebleken 
dat alcoholgebruik en -afhankelijkheid voor ongeveer 50% genetisch bepaald zijn.
Hoofdstuk 4: Het mu-opioid (OPRMi) gen en alcoholverslaving: een overzicht
In hoofdstuk 4 wordt een overzicht gegeven van studies waarin mensen met een 
alcoholverslaving (cases) werden vergeleken met mensen zonder alcoholverslaving 
(controles) op het vóórkomen van genetische varianten in het OPRM1 gen. De studies 
lieten niet eenduidig zien dat het dragen van bepaalde risicovarianten (risico-allelen) in het 
OPRM1 gen de kans op alcoholverslaving verhoogde.
Hoofdstuk 5: Het dopamine transporter gen (SLC6A3/DAT1) en alcoholafhankelijkheid
Ook hoofdstuk 5 bestaat uit een overzichtsstudie van onderzoeken waarin cases 
en controles werden vergeleken op de aanwezigheid van risico-allelen, ditmaal in het 
dopamine transporter gen (SLC6A3/DAT1). De 18 onderzoeken lieten geen consistent 
beeld zien en er werd geconcludeerd dat alcoholafhankelijkheid niet samenhing met het 
vaker voorkomen van risico-allelen in het SLC6A3 gen. Wel waren er enige aanwijzingen 
dat alcoholafhankelijke personen met het SLC6A3 9-repeat-risico-allele vaker last hadden 
van hevige afkickverschijnselen als delirium tremens dan alcoholafhankelijke personen 
zonder het SLC6A3 risico allel.
Hoofdstuk 6: Genetische effecten, impulsiviteit en externaliserend gedrag
Omdat er aanwijzingen zijn dat genetische effecten op (drink)gedrag veranderen 
gedurende het leven, is in hoofdstuk 6 vanuit een ontwikkelings-genetisch perspectief 
naar externaliserend gedrag gekeken. Hiervoor zijn Amerikaanse jongvolwassenen van 
17 tot 22 jaar ingedeeld in 3 groepen gekarakteriseerd door weining, gemiddeld en veel 
externaliserend gedrag. Drie polymorfismes in het dopamine D2 receptor gen (DRD2) 
en het daarnaast gelegen gen (ankyrin repeat and kinase domain containing 1; ANKK1) 
kwamen meer voor in de groep met veel externaliserend gedrag. Tegen de verwachtingen 
in was impulsiviteit niet gerelateerd aan externaliserend gedrag.
Hoofdstuk 7: De invloed van het serotonine transporter gen op de ontwikkeling van alcoholgebruik 
tijdens de adolescentie
Ook in hoofdstuk 7 is het ontwikkelings-genetisch perspectief toegepast. In dit hoofdstuk 
hebben we bij Nederlandse jongeren onderzocht of een genetische variant (polymorfisme) 
in het serotonine transporter gen (SLC6A4/SERT) verband hield met de ontwikkeling van 
alcoholgebruik gedurende de adolescentie. Uit de resultaten bleek dat jongeren met het 
korte risico allel in het SLC6A4 gen een sterkere toename in alcoholgebruik over tijd 
lieten zien dan jongeren zonder dit allel. Opvallend was dat wanneer de relatie tussen 
alcoholgebruik en het SLC6A4 polymorfisme op één tijdstip werd gemeten (en er dus niet 
naar de groei van alcoholgebruik werd gekeken) er geen significant verband was.
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DEEL 3. GEN-OMGEVINGINTERACTIES
In het derde deel van dit proefschrift is bestudeerd of alcoholgebruik wordt beïnvloed door 
een samenspel van genetische en sociale omgevingsfactoren. In verschillende studies 
toetsten we of sociale factoren een genetische kwetsbaarheid voor (alcohol)verslaving 
onder controle kunnen houden, of ju ist kunnen uitlokken.
Hoofdstuk 8: Ouderlijke regels, het DRD2 gen en alcoholgebruik van jongeren
In hoofdstuk 8 hebben we onderzocht of het beginnen met drinken van jonge adolescenten 
(gemiddeld 13 jaar) beïnvloed werd door een risico-allel in het DRD2 gen en door ouderlijke 
regelgeving. Jongeren die het DRD2 Taq lA  risico-allel droegen dronken gemiddeld meer 
alcohol, mits hun ouders weinig regels hanteerden wat betreft het alcoholgebruik van hun 
kind. Het effect van het risico allel in het DRD2 gen op alcoholgebruik van jongeren was 
dus afhankelijk van de regelgeving van ouders omtrent het drinkgedrag van hun kind. Dit 
is de eerste studie die een interactie heeft gevonden tussen een risico-allel in het DRD2 
gen en opvoeding met betrekking tot het alcoholgebruik van jongeren.
Hoofdstuk 9: Ouderlijke regels, het DRD2 gen en alcoholgebruik van jongeren: een replicatie
Het toetsten van gen-omgevingsinteracties zoals die uit het vorige hoofdstuk wordt nog 
relatief weinig gedaan. Daarom is het belangrijk om te onderzoeken of de bevindingen 
betrouwbaar zijn en of ze kunnen worden gerepliceerd in andere steekproeven. Derhalve 
hebben we een overeenkomstig onderzoek gedaan in een nieuwe steekproef van ruim 
200 Nederlandse jongeren. Ook uit deze studie bleek dat soepele ouderlijke regelgeving 
was gerelateerd aan het alcoholgebruik van jongeren, en met name voor jongens met het 
DRD2 Taq lA  risico-allel.
Hoofdstuk 10: Het drinkgedrag van vrienden, het DRD4 gen en alcoholgebruik van jongeren
In dit hoofdstuk is gekeken naar het alcoholgebruik van beste vrienden en is onderzocht 
of er een verband is met een polymorfisme in het dopamine D4 receptor (DRD4) gen. Uit 
de studie bleek dat vrienden elkaar beïnvloeden in hun drankgebruik. Dat wil zeggen, 
meer drankgebruik van de beste vriend leidde tot meer drankgebruik van de jongere, en 
vice versa. Het dopamine D4 receptor gen had geen effect op deze relaties. Met andere 
woorden, er is dus geen interactie-effect gevonden tussen het alcoholgebruik van vrienden 
en het DRD4 gen op alcoholgebruik van jongeren.
Hoofdstuk 11: Gen-omgevinginteracties: een overzicht
Hoofdstuk 11 is een overzichtsartikel waarin de resultaten van 13 studies naar gen- 
omgevingsinteracties en alcoholgebruik worden samengevat. Om onze kennis te verbreden 
van de causale factoren van alcoholgebruik is het noodzakelijk om meer studies te doen 
waarin gen-omgevinginteracties worden onderzocht. De 13 besproken onderzoeken 
waren erg verschillend wat betreft kandidaat-genen, omgevingsfactoren en alcohol 
fenotypes (uitkomstmaten). Dit maakte het niet mogelijk om overkoepelende conclusies 
te trekken. We zijn van mening dat nieuwe theorieën die vanuit een neurobiologisch 
standpunt verklaren hoe genetische variaties mensen kwetsbaarder kunnen maken voor 
specifieke invloeden uit de omgeving, het veld verder zouden kunnen helpen.
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DEEL 4: INTERACTIES TUSSEN GENEN EN COGNITIEVE RISICOFACTOREN
In het laatste deel van dit proefschrift is de rol van cognitieve factoren geëxploreerd in de 
associatie tussen genotypes en alcoholgebruik onder jongeren. Door ons op cognitieve 
factoren, zoals bijv. zogenaamde drink-motieven (specifieke redenen om te gaan drinken), 
te richten hopen we meer inzicht te krijgen in het mechanisme dat ervoor zorgt dat 
bepaalde genetische varianten effect hebben op alcoholgebruik.
Hoofdstuk 12: Coping drinken, het DRD2 gen en risicovol alcoholgebruik
De hoofdvraag van hoofdstuk 12 was of mensen die alcohol drinken om met negatieve 
emoties om te kunnen gaan (coping drinken) vaker binge drinken of alcohol-gerelateerde 
problemen hebben. Inderdaad bleken coping drinkers meer binge drink episodes en 
alcohol-gerelateerde problemen te rapporteren. Deze relaties tussen drinken om met 
negatieve emoties om te gaan en risicovol alcoholgebruik bleek bovendien het sterkst 
voor mensen met de risicovariant van het DRD2 gen (de Taq1A A1 allel).
Hoofdstuk 13: Genetica, de 'reversal learning' taak  en alcoholgebruik door jonge adolescenten
In dit hoofdstuk is onderzocht of jonge adolescenten meer alcohol drinken als ze slechter 
scoren op een neuropsychologische taak die cognitieve flexibiliteit meet (de reversal 
learning taak) en wat de rol van genetica hier in is. De bevindingen lieten zien dat één 
risico allel uit het mu-opioid gen (OPRM1) gerelateerd was aan alcoholgebruik door jonge 
adolescenten, terwijl dit voor twee dopaminerge genotypes (in DRD2 en DAT1) niet gold. 
De relatie tussen het OPRM1 gen en jeugdig alcoholgebruik werd beïnvloed door de 
prestaties op de reversal learning taak: Degenen met het OPRM1 risico-allel dronken 
vooral meer alcohol als ze slechter op de reversal learning taak presteerden.
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IMPLICATIES
Gebaseerd op de bevindingen uit dit proefschrift worden in hoofdstuk 14 enkele 
suggesties voor preventie en interventie gedaan. Zo zouden primaire preventie- 
initiatieven, gezien de belangrijke rol van ouderlijke regelgeving in alcoholgebruik van 
jongeren, zich meer kunnen richten op de ouders en hun aandeel in het drankgebruik 
van hun kinderen. Idealiter zou dit moeten plaatsvinden voordat jongeren beginnen met 
drinken. Verder lijkt het succes van interventies voor alcoholmisbruik en -afhankelijkheid 
af te hangen van het samenspel tussen genetische, individuele en omgevingsfactoren die 
het gedrag veroorzaken. Het wordt regelmatig gesteld dat de focus in de geneeskunde 
en psychiatrie moet verschuiven van een 'one size fits all'-aanpak naar een meer 
persoonlijke, geïndividualiseerde benadering. Hoewel het helaas nog prematuur is om 
te verwachten dat individuele genetische informatie binnen afzienbare tijd een rol zal 
spelen in preventie dan wel interventie van alcoholmisbruik, kunnen de in dit proefschrift 
gepresenteerde bevindingen wellicht onderdeel van de eerste stappen zijn richting de 
meer geïndividualiseerde geneeskunde.
SAMENVATTING VAN DEZE SAMENVATTING
De bevindingen die in dit proefschrift zijn gepresenteerd suggereren dat alcoholgebruik en 
-m isbru ik voorafgegaan wordt door verschillende sociale omgevingsfactoren, genetische 
oorzaken, en individuele cognitieve factoren. Veel van deze oorzakelijke factoren lijken 
met elkaar samen te werken (interacteren), wat het ontdekken van de factoren die ervoor 
zorgen dat iemand alcohol gaat drinken dan wel verslaafd wordt, sterk compliceert. 
Om te onderzoeken hoe al deze factoren de verschillende fases van alcoholgebruik 
beïnvloeden zijn grote, langlopende studies nodig die al prenataal beginnen. Tot slot is 
meer multidisciplinair onderzoek nodig om de oorzaken van alcoholgebruik en -misbruik 
op te helderen.
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